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FOREWORD

»

This handbook was first published in March 1951 as the United States Air Force Parachute Handbook intended
to supply the practicing engineer and others with a reference work which was authoritative in character and which
covered the field of design and construction of parachutes, test equipment and test methods associated with para-
chute develc pment. By December 1956, sufficient new data had been accumulated to revise the original handbook
to an expanded second edition. In June 1963, a second revision82 was published which further broadened the con-

tent and technical scope, as reflected by its title: Performance and Design Criteris for Deployable Aerodynamic .—

Decelerators.

< This third revision is titled Recovery Systems Design Guide, based on the recognition that other systems beside
decelerators are increasingly involved which. affect the overall process of recovery system design and comgonent
selection, and for which technical data have besn gathered pertaining to their application, design, construction, and
testing. '

. The effort required for this revision was performed during‘ the period 1 June 1975 to 30 June 1978. The report
was submitted by Irvin Industries Inc., California Division, for publication ,ir:}wtemher 1978.

This revision was aecqmplished under Contract No. F33615-75-C-3081, Froject 2402, Task 240203, for the Air
Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. The Air Force Contract Managers for
" the project were Mr. R. H. Walker and Mr. J. H. DeWvuese, (AFFDL/FER).

Principal authors contracted by Irvin Industries Inc. for this revision were Mr. E. G. Ewing, Mr. H. W. Bixby, and

Mr. T. W. Knacke. Important contributions were also made by numerous individuais from various U.S. Air Force,
Navy and Army agencies as well as NASA and privste industry in reviewing the revised material.

| o Precedng page Nank
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INTRODUCTION

Recovery is a term popularly used to identify the process of arresting a state of motion and bringing to rest a
valuable object (payload) by means of a deployable aerodynamic decelerator. Both minimal damage and retrieval
are implied in the recovery purpose and concept, hence, recovery often incorporates provisions to soften the
impact of landing and to disconnect the decelerator after landing. The payload may be an airborne crewman, a
data capsuie, a supply package or an entire air vehicle. Its state of motion relates to the performance limits of the

. payload carrier defined by an envelope of achievable speed and altitude conditions for stzble, normal flight, or in
an emergency for unstable, erratic flight. Recovery usually employs a parachute as its principal component, but
other types of deployable aerodynamic decelerators are also used. Tne definition of recovery exteads to arresting
the motion of aircraft or payloads.on or near the ground by means of a parachute. Thus, recovery is a sequence
of events which may include deceleration, stabilization, steady descent in atmosphere, landing, locating, retrieval
and sometimes refurbishmer.t if the purpose of recovery is to enable use of the recovered otject, over and over.
In some recovery cycles, the descending parachute is intercepted in mid-air, thus modifying the nature of the
landing event and expediting retrieval. A recovery system is the combination of special components incorporated
in and inwegrated with a flight vehicle system to effect recovery of the vehicle or its payload under predictable
conditions considered durirg its Jesign.

. The role of recovery varies according to application and is closely allied to the development progress of the
parachute. Initially developed as a rescue device for airmen in trouble, when aircraft were relatively slow and
escape was easy, the parachute has kept pace with expanding requirements impJsed over the years by aircraft
capable of higher speeds and altitudes, demanding materials resistant to increased temperature and loads without
a penalty in weight.. Today, recovery provides not only ‘‘emergency rescue”, but also “expediency’’ as exempli-
fied by delivery from air of personnel and equipment in military actions or flreflghtmg, and “economy”’ in the
operational reuse or development of air vehicles. Recovery also prowdx numerous minor roles in special applica-
tions, e.g., retardation or slow descent of an object or instrument “on station” such as an illumination flare or
wind-drift target.

The purpose of this handbook is to serve as an authoritative reference for all aspects from application to design
definition and developraent of recovery systems and components. The initial chapters present the state-of-the-art
by describing representative recovery applications, components, subsystems, materials, manufacture and testing.
The final chapters provide technical data and analytical methods useful for pmdn:tmg perfarmance and presenting
a defmmw design of salected componants into an installable and operable recavery system. :

Background ) : ) )

The history of parachutes dates back to medieval When World War | began in 1914, airmen did not
days. Earliest evidence from Chinese archives indi- carry parachutes. Post war-time improvements in life-
cates that parachute-like devices were used as early as saving parachutes were rapid and many features were
the 12th Century. Pictorial evidence of the drag introduced which are in common use today including
device principle " appeared in the sketchbook' of static line and pilot chute deployment, harness attach-
Leonardo da Vinci in 1514, but historic records show ment, and bag containment. Experiments continued
actual implementation occurred late in the 18th in the U.S. which resulted in acceptance in 1919, of
Century, in experiments and by exhibitionists jump- the “free” parachute system, released from the pack
ing from balloons. The years of experimentation by the operator after he jumped. Testing of this para-
with parachutes until the start of the 20th Century - chute type, and further experimentation with other
produced little more thar: crude, unreliable devices. types continued in this country and abroad. The first

. Early parachutes were held open: by a rigid frame- parachute which was standardized by the U.S. Air’
work, These were gradually replaced by versions Service after extensive development effort, was of
which introduced the central vent for improved sta- the seat type, for use by pilots and crew members.
bility and all ﬂex'ble types Wh'Ch could be folded and The first service type parachute became standard in
packed in a bag. | 1924 and consisted of a pack containing a flat circu-
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lar solid cloth canopy of bias cut sitk, 24 feet in diam-

eter, incorporating a three-point harness release.
+ A later version was increased to 28 feet in diameter.

As early as 1928 it was apparent that parachutes
for such specific applications as premeditated jumps
{paratroops) and airdrop of supplies had to be devel-
oped. Experiments and development of parachutes
for these applications were limited in the United
States until 1940 when an official paratroop training
program was established at Fort Benning, Georgia.
Also, concerted attempts were made to airdrop mili-
tary equipment of significant weight, which led to the
use of larger parachutes, and to arrangements of
canopies in clusters.

For mamy years silk was the favored material for
parachutes. Unavailability of silk ied to experiments
with man-made textiles. Rayon was used for cargo
parachutes, and by the end of 1942, most other
materials were being replaced by nylon.

Prior to 1940, steps «aken to design and produce
parachutes were primarily unscientific and. arbitrary.
The cut-and-try approach prevailed and the only pre-
requisite for parachute design and construction
appeared to be a knowledge of the sewing trade. Not
until the begirning of World War il was emphasis
placed upon the scientific approach to parachute
+ design and performance prediction. The Germans
and British deserve credit for initial adherence to
scientific investigations to establish more funda-
mental aspects of design and operation. Most major
developments in parachutes tc satisfy diverse applica-
tions have occurred during and since World War II.

The British varied cariopy shape and cloth porosity
to optimize openirg reliability and limit stress in
personnel parachutes. Their investigations produced
extensive data on the phenomena of squidding and
filling rates. Their workmanship .and construction
techniques were well developed.

Two unique parachute types, the ribbon parachute ,

and the guide-surface parachute, originated during the
war in Germany. Both types were developed to a
high degree of excellence after theoretical study and
experimental effort. Because of its excellent stability
. characteristic, the guide-surface parachute was em-

ployed operationally for trajectory control of bombs, K

mines, torpedces and missile components. The
ribbon- parachute was first used effectively for in-
flight and landing decaleration of manned gliders.
With further use, reefing was introduced and develop-
ed to reduce parachute opening loads and to add a
means to control glider ground approach angle and
speed. The ribbon parachute also provided good
stability and wi s soon applied to deceleration control
of conventiona) airuraft, and later to jet aircraft.
Fnrst attempts to recover guided missiles or missile
components (V-1 and V- 2) w~ere successfully accom-

plished in 1944 using ribbon parachutes, as was stabi-’
lization and deceleration of the first ejection seat in
early 1945. Concurrently, extensive theoretical
efforts were pursued by the Germans to analyze the
operation of parachutes and to obtain .undamental
knowledge about their aerodynamic behavior.

Since World War i1, the scope and extent of re-
search and development, particularly in the United
States, has experienced a sizeable increase, in order to
keep pace with advancements in aircraft, ballistic
missiles, and spacecraft of various kinds. The primary
center for research and development in the area of
parachutes and recovery technology has been and still
is at Wright Field. Other government agencies also
have pursued research pertaining to their area of Spe-
cialization in the recovery field.

During the 1950's the US Air Force (Parachute
Branch, Equipment Laboratory, Air Materiel Com-
mand) conducted or sponsored a8 number of projects
designed to develop operational parachute systems
for a variety of applications. These ranged from
emergency escape of aircraft:crew members 10 the
delivery of military personnel, equipment and
weapons by airdrop,’ and including the in-flight and
ground retardation of jet aircraft as well as recovery
of target drones and missile components. The cluster-
ing of parachutes of all sizes and nearly ail types,
became standard operational procedure for final stage
airdrop applications of heavy equipment or vehicles.
However, major emphasis was placed upon effo-ts to
extend the operational capabilities of textile para-
chute canopies into the supersonic and high dynamic -
pressure flight regimes with applied research programs
to increase fundamental knowledge in the field of -
aerodynamic deceleration.

As the speed and altitude ceiling of aircraft in-
creased, concepts for emergency escape of crew
members became more complex. Recovery of high
speed missiles and research vehicles presented a new
challenge to the performance capability of para-
chutes. In order to satisfy temperature resistance and
shock flow transition stability ‘requirements’ which
develop with supersonic to hypersonic air flow,
special canopy shapes and structures were investiga-
ted. Some of the more successful high speed drag
devices were halloon shaped and could not be classi-
fied ‘as parachutes. Other non-parachtte decelerator
concepts’ included rotating blades and trailing rigid
cones. Thus, the initially singular parachute field was
broadened into what is now recognized as deployable
aerodynamic decelerator technology. :Vith the ad-

"vent of higher speeds and altitudes, recovery was
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accomplished with stages‘of deceleration in order to
contro! and limit peak loads. A drogue parachute was
deployed to provide stabilization and initial retarda-
tion prior to main parachute deployment. Additional




deceleration stages were possible by deploying the
parachutes in a temporarily reefed state.

The 1960's and 1970's saw the successful utiliza-
tion of aerodynamic decelerators 1o meet the con-

tinued challenges of higher velocities, higher altitudes,

and more complex operational parameters. This was
the result of the broadening of knowledge in engineer-
ing and scientific approaches to analyze and predict
the performance of parachutes and other acrodynamic
decelerators. The use of this kncwledge manifested
itself in the success of sophisticated recovery programs
such as the Apollo spacecraft, when the world wat-
ched the return of men from the Moon. Signifi-
cant advances in high-glide, guidable decelerators
were made by the introduction of ram-air, airfoil
types of “parachutes’”’. Pilots and aircrew members

enjoyed the increased safety of reliaole, though more -

complicated emergency escape systems. The intro-
. duction of Kevlar threads, fabrics, and webbings as an
alternate for Nylon has opened up new possibilities
. in the production of stroriger and lichter aerodynamic
decelerators for use where exceedingiy stringent vo-
lume constraints exist.

Parachute Data Bank
The sources of information used in this Handbook
may be found in the List of References. Most Ref-
. erences are available to e public through normal
channels from originating ayencies or on request from
the Defense Documentation Center (DDC). There
were numerous reports reviewed in the process of
composing the Handbook, whicn including the refer-
ences, constitute a Bibliography of literature consid-
ered useful on the subject of parachute and recovery.
- The bibliography is maintained in an up-to-date list-

ing as the basic source of information employed ina

computerized. data storage and retrieval system
known as the Parachute Data Bank. The Data Bank
currently stores only design details and performance
information extracted from the various bibliographic
sources. A FORTRAN extended program provides
highly flexible and very selective retrieval of stured
data. Procedures for utilization of the Data Bank are
outlined in Reference 192. The Data Bank will be

found most useful on those problems which have con-

fronted the recovery system desi'gner/inv&stigator'

who nreeds performance dsta. The involvement in
laborious, haphazard data searches may be grestly
reduced. Coordination between the Data Bank and
various organizations throughout the technical field
should focus attention on more precise terminology
as well as moie meaningful data reporting and even-
tual accession, whether of a narrative, numerical,
logical or tabular nature.

Units of Measure

Throughout the Handbook, the English units of
measure {feet, pounds, seconds) predominate. How-
ever, the most commonly used units from both the
English system and from the metric system (centi-
meters, grams, seconds} are listed in Table Awith
their abbreviations as used throughaut th2 Handbook,
and, the conversion factors for translating values into
units of either system are given in Table B.

Earth and Planetary Environments

Aerodynamic deceleration devices may be em-
ployed over a wide range of altitudes and Mach num-

bers. For greatest effectiveness, they should operate

in a region where the density of the atmasphere is
sufficient to produce a positive and continuous resist-
ange force. In Earth’s atmosphere, the density even
above 600,000 feet altitude will decelerate a relative-
ly large aerodynamic drag device and alter the t.ajec-
tory of its payload. The atmospheres of Venus and
Mars, although different from Earth’'s atmosphere,
have been penetrated with instrumented vehicles
using parachutes, and the gravitational forces and the
atmospheric properties of these and other planets are
of interest for recovery purposes.

In space flight applications, the effect of exposure
to long duration ambient vacuum and temperature

‘gradients on a stowed recovery system may be partial

strength loss due to out-gas or aging of some polymer-
ic materials and finishes.

Properties of Earth'sAtmosphm; The atmosphere
as a fluid blanket surrounding Earth varies in density,
temperature, viscosity and to a small degree, in com-

position according to distance above the surface. The

best current estimates of the variation of atmospheric
properties with altitude are given by the 1976 US
Standard AtmosphereS68 Table C summarizes mean
pressure, density, temperature and the speed of snund

as ‘a function of geometric altitude, Z Geonetric’

altitude is the physical distance along the line ot force
due to gravity which is a straight radius line at the
poles and at the equator, but bends polewards as lati-
tude is increased, influenced by the combined effects
of gravity and centrifugal force on the atmasphere.
Geopotential altitude, M, differs in numerical value
taking into account the variation of acceleration due
to gravity. - ' : :
Atmospheric density is expressed in slugs per cukic
foot, when a slug is a gravitational unit of mass in the
fps system, and a pound force can impart an accelera-
tion of one foot per'secand per second. At sea level,

P, the symbol for density equals 0.00237689 Ibs sec®

ft*, or slugs 1 ft°. Values in Table C represent an

" average of the overall relevant data without spatial or

temporal variations. Measurements were obtained 568
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by a variety of techniques and the accuracy of the important factors influencing the terminal portion of

data summarized in Table C is estimated to be *10 a decelerator gperation,
percent. Although inaccruacy increases with altitude, .
mean densities have been generally confirmed by Physical Relationships of Planets. Gaseous atmos-
observations. Temporal variations of the atmospheric pheres surround the major outer p'anets, and some of
density and density variations with latitude deserve their large satellites. Except for Venus and Mars,
considerations. ' densities of planetary atmospheres are unknown,
The variation -of ambient temperature with alti- although some knowiege exists of gaseous composi-
tude is a significant factor, as is true of all atmospher- tion through occulation. Table E gives physical rela-
ic parameters, th. temperature ot any specific loca- tionships of Venus Mars and Jupiter in terms of
tion and time may be somewhat different from that Earth data. Applications of recovery incorporaticn
given in the table, due, for example, to seasonat and - for the purpose of aiding atmospheric penetration ,
latitudinal variations. The dominating i1.fluence upon and descent should consider environments in transit
the temperature is the sun: the intensity and angle of as well as the properties of the gaseous rnedia of
incidence of the sun’s rays on the surface, and the performance. Interplanetary vacuum varies from
duration of exposure, - 107" Tor at lunar distance to 10°23 Tor absofute
Typical ground wind velocities for various cities in pressure,

the United States are given in Table D as these are

TABLE A UNITS OF MEASURE

Liquid Measure . Length Measure _ Temperature
us ci;gllon?”(gal) Comil degrees Fanrenheit {°F)
iters , mehfs( f(-;\) degrees Kelvin (° K)
eet (ft : degr ti ;
Mass (Weight, Avoirdupcis) yards (yd) earees Cen tglfade re
ounces (0z) ' : miles (mi} . Pressure
pounds (Ib) or (Ibm) - nautical miles (nm) - . '
" orains tar) micron _ pounds per square inch {Ib/in?) or (psi)
oms (1 centimeters (cm) pounds per square foot (Ib/ft?) or (psf)
grams (gm) millimeters {mm) : .
kilograms (kg) meters (m) Acceleraticn
kilometers {km) ' ‘
_ . feet per second per second (ft/sec?) .
Force Density - meters per second per second {m/sec?)
[l
pouf:l‘::n(o?\'s o;‘(,lbf) pounds per cubic inch {1b/in®
\ ) pounds per cubic foot (Ib/ft?) Square Measure
Velocity grams per cubic centimeter (gm/cm®) . square inches (sq in) of (in3)
: . -square fest (sq ft) or (ft3) .
feet per second (ft/sec) or (fps) Cubic Measure : sqs:‘ave yards ((ssg yd)) c:r((;d)’)
miles per hour (mi/hr) or (mph) rubic inches (cu in) or in®) * square milas (sq mi) or (mi?)
' knots (kt) - cubic feet (cu ft) or (ft))  °  square centimetere {sg cm) or {cm?)
meters per ;econd_(m/sec) _ cubic centimeters (cu cm) or {cm?) square meters {sq m) or (m3)
v»kulomoters per hour (km/hr) cubic meters (cu-m) or m?) square kilometers (sq km) or (km’)
p xxxvi




TABLE  TYPICAL GROUND WIND VELOCITIES IN CONTINENTAL U.S. (Cort'd}

Key West

Little Rock
Miami
Minneapolis
Nashville

New Orleans

New York

Omaha
Phiiadelphia
Portland {Oregon)
St. Louis '
San Diego
Spokane -
Washincton, D.C.
Mt. Washingion (N.H.}

Mean distance from Sun
{compared to Earth) =

Orbital eccentricity

orbital incl{nation to Earth orbit
Mean orbital velocity

Mass (compared to Earth) =

Diameter (compared to Earth} =

Density (H20 = 1)

Density (compared to Earth) =

Gravity, surfece, Earth =

Escape velocity ‘
Side-real period
Axial inclination

Rotational period
p e

. 23.934 hours

oxli

1.3 122
8.2 65
9.6 74
106 92
79 73
84 a8
9.5 70
10.9 109 ‘
9.6 73
7.7 . 88
9.5 g1
6.7 " Bl
8.6 59
9.3 78
35.2 231
TABLE E PHYSICAL RELATIONSHIPS OF PLANETS
Earth Venus Mars Jupiter
91.416 x 10°® mi .7228 15233 5.2026
016 .0068 0934 0484
3.40° 16°
18.50 mps 21.76 mps 1493 mps 8.1 mps
13.184 x 10** 1b -.8167, 1073 31793
7918.2 mi. 95 531 10.95
5.519 5.256 3907 1.337
344.5 1b/ft® 9524 7188 2422
32.117 tps? .5049 " .3627 .2308
6.3 mps 3.2mps
£365.26 days 224.7dsys  1.881years ' 11.861 years
23.45° 179° 25° 12 3117°
'243days  2662hours  9.842 hours.
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TABLE B WEIGHTS AND MEASURES

Length Measure
1 mil =.001 inch ,
1 foot = 12 inches = 30.480 ceritimeters = 3048 meter
1 yard = 36 inches = 91.440 centimeters = 9144 meter
1 mile = 1760 yards = 5280 feet = 1509.344 meters = 1.609 kilometer

1 nautical mile = 6076.10 feet = 1.5078 statute mile = 1.8518952 kilometer

1 meter = 100 centimeters = 3.28084 feet = 39.37008 inches
1 micron = 0.000001 meter = 0.00003337 inch:

Square Measure
1 square foot = 144 square inches = .092903 square meter
1 square yard = 9 square feet = . 836127 square meter
1 square mile = 640 acres = 2.590 square kilometer
1 square meter = 1.9599 square yard = 10.763911 square feet

Cubic Measure
1 cubic foot = 1728 cubic inches = 28,316.846 cubic centimeters
1 cubic meter = 35.314674 cubic feet = 61,023.749 cubic inches

Liquid Measure
1 US gatlon = 231 cubic inches = 3,78564118 liters
1 cubic foot = 7.48 US gallons = 28.31488 liters
1 liter = 1000 cubic centimeters = 61.023755 cubic inches
1 liter = 0353198 cubic foot = .2641721 US gallon

Mass (Weight, Avoirdupois)
A 1 ounce = 437.5 grains = 28.349 grams
- 1 pound = 16 ounces ='453.5924 grams = .4536 kilogram
-— -1 ton = 2000 pounds = 907.20 kilograrhs = .9072 metric ton -
1 kilogram = 1000 grams = ?.204622 pounds = 35.273958 ounces’

' Velocity
, 1 foot per second = .6818181 mile per hour = .3048 meter per second
1 mile per hour = .8689784 knot = 1.609 kilometer per hour
1 knot {nautical mile per hour) = 1,15078 statute mile per hour

1 meter per second = 3.28084 feet per second = 2.2369363 miles per hour

1 kilometer per hour = 5349581 knots = 6213712 miles per hour

, Acceleration
1 foot per secord per second = 3048 meter per second per second

32.174 feet per second per second = 9.80665 meters per second per second
1 meter per second per second = 3.2808398 feet per second per second

xxxvii
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TABLE B WEIGHTS AND MEASURES (Cont'd}

Force

1 pound = 4.44822165 Newtons
1 Newton = .22408089 pounds

_ Pressure

1 pourd per square inch = 144 pounds per square foot
1 pound per square inch = .68947571 Newtons per square centimeter
1 pound per square foot = 47.880258 Newtons per square mieter
1 Newton per square meter = .0208854 bound per square foot

Density

1 ounce per cubic inch = 1,7289621 grams per cubic centimeter
1 pound per cubic foot = 16.C18467 kilogram per cubic meter
1 gram per cubic centimeter = 62.427955 pounds oer cubic foot

Temperature

0 degrees Fahrenheit = 255 deg-ees Kelvin = -18 dearres Centigrade
32 degrees Fahrenheit = 273 degrees Kelvin = 0 degrees Centigrade
0 degrees Keivin = -459 .67 degrees Fahrenheit = -273 degrees Centigrade
(degrees Fahrenheit = 9/5 degrees Kelvin -453.67)
{degrees Keivin = 5/9 degrees Fahrenheit +459.67)

TABLEC PROPERTIES OF EARTH'S ATMOSPHERE AS A FUNCTION OF ALTITUDE

Altitude Pressure Density % Temp. Speed of
. AN el Scund
Zh H. it P. \bs/t? p. slugs/ft® bo}’ : T.'F Cs, ftisec
0 ' 0 21162240 - 237689 -2 . 1.0000 +0 59.000 1116.45
1000 1000 2040.86 230812 1.0148 55.434 1112.61
2000 2000 1967.69 - .224088 1.0299 "~ 51.868 1108.75
-3000 3000 1896.€7 217518 1.0453 48.303 1104.88
.4000 - 3999 1827.7% . .2110093 . 1.0611 © 44738 1100.99
5000 ' - 4999 176087 . 204817 . 1.0773 41.173 1097.10
6000 5098 1696.00 - 168685 1.0938 37.609 1093.19
7000 6998 1633.08 .19265% 1.1106 34.045 1089.26
© 8000 7997 1672.07 .186845 1.1279 30.482 1085.32
9000 2996 1512.93 -.181123 1.1455 26918 1081.37
10000 K 9995 14£5.60 +0 175555 -2 1.1636 +0 : 23.365 1077.40
11020 10004 . 1400.09 - 7010 1.1821 19.793 1073.42
12000 11993, ' 1346.24° ~.164796 1.2010 16.231 1069.43
13000 12992 1204.12 159610 1.2203 12.669 1065.42
14000 - o 12091 . 1243.65 .164551 1.2401 9.107 1061.40
16000 14989 1194.79 - 146616 . . 1.2604 5.5648 1057.36 .
xxxviil




TABLE C PROPERTIES OF EARTH'S ATMOSPHERE ASIA FUNCTICN OF ALTITUDE (Cont'd}

xxxix

34048

Altitude Pressure Density Temp. Speed of
‘ p )K ‘Sound
Z ft H, ft P, Its/tt? p. slugs/ft® \Po T.°F cg, ft/sec
16000 159088 114750 144302 1.2812 1.985 1053.30
17000 16986 1101.74 .140109 1.3025 -1.57% 1046.23
18000 17984 105748 .135533 1.3243 5.135 1045.15
19000 18983 1014.67 131072 1.3466 -8.695 1041.05
20000 19981 9732731 126726 -2 1.3685 +0 -12.255 1036.93
21000 20979 9332.66 122491 1.3930 -15.814 1032.80
22006 21977 8946.02 .118365 1.4171 -19.373 1028.65
23000 22975 8572.49 114347 1.4418 -22931 1024 48 ‘
24000 23972 821172 .110435 1.4671 - -26.489 1020.30
25000 24970 7863.38 .106626 1.4930 -30.047 1016.10
26000 25968 7527.14 .102919 - 1.5197 -33.605 1011.89
27000 26965 7202.56 993112-3 i.547 -37.162 1007.65
28000 27962 0889.64 858016 1.5751 -40.719 1003.40
29000 28960 6587.75 923680 1.6040 44275 999.14
30000 29957 6296.69 -1 .890686 -3 1.6336 +0 -47.831 994 85
31000 30954 6016.15 .858416 - 1.6640 -51.387, 990.55
32000 31951 574585 .827050 1.6953 -54.942 986.22
33000 32948 5485.50 .796572 1.7274 -68.497 981.88
34000 33945 5234.80 .766963 1.7604 -62.052 87752
35000 34941 4993 42 738206 1.7944 -65.606 973.14
36000 35938 4761.28 710284 1.8293 -69.160 968.75
37000 35034 4536.63 678007 1.8723 -69.700 968.08
38000 37931 4326.40 646302 1.0177 -69.700 968.08
39000 38927 412410 616082 1.9642 -69.700 968.08
40000 39923 3931.29 -1 .587278 -3 2.0118+0 -68 700 968.08-
41000 40921 3747.50 550823 2:0605 -69.700 968.08
42000 41916 3572.33 .533655 2.1105 -69.700 968.08
43000 42012 3405.36 - .508711 2.1616 -68.700 968.08
44000. 44907 3246.20 484936 22139 -69.700 - 968.08
45000 44903 3094 .50 462274 .2.2675 -69.700 968.08
46000 45899 294990 440673 2.3224 -69.700 968.08
47000 46894 2812.08-1 ' .420084-3 2.3787 +0 -69.700 968.08 '
48000 47890 2680.70 400458 2.4363 -68.700 968.08 -
49000 48885 255547 381751 2.4953 69.700 968.08
$0000 49880 2436.11 1 - .363919 -3 25556 +0 - - -69.700 968.08
51000 - 60876 232233 . .346922 26175 -69.700 968.08
52000 5187 2213.67 330721 2.6809 69,700 | 968.08
53000 52864 2110.49 315277 2.7457 -69.700 968.08 -
54000 53861 . 201195 300556 28121 -69.700 968.08
55000 54865 191801 286524 2.8802 -69.700 968.08
56000 65850 182847 - 273148 29499 -69.700 968.08
57000 . 56845 1743.12: " .260397 3.0212 -69.700 968.08
“ 68000 657839 .1661.76 248243 3.0043 -69.700 ", 968.08
59000 58834 1584.21 - .236658 3.1892 -69.700 968.08
60000 650828 1510.28 -1 225614 -3 3.2458 +0 . -69.700 968.08
61000 80822 = 143981 215088 3.3242 -69.700 968.08
62000 81818 1372.63 .205051 -63.700 968.08
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TABLE C PROPERTIES OF EARTH'S ATMOSPHERE AS A FUNCTION OF ALTITUDE (Cont'd)

63000
64000
65000

66000

67000
68000
69000

70000
72000

74000 .
. 76000

78000
80000
82000
84000
86000

88000

90000
92000
94000
96000
98000
100000
102000
104000
106000
108000

- 110000
112000

114020
116000

62810
63804
64798
65792
66785
67779
68772

69766
71752
73738
75724
77709
79694
81679
- 8267
85647
87630

89613
91596
93578
95560
87542
99523
101504
103484
105464
107444

109423
111402
113380
115358

1308.59
1247.55
1189.35
1133.88
1081.05
1030.76

9828.71 -
9372.76 -

8938.59
852513
7058.82
6425.82
5851.20
5329.42

' 4855.49

4424 91
4033.60

3677.88 -

3354.42
3060.22
2792.56
254898
2327.25
2125.36
1941.48
177399
1621.85

1483.75 -
1358.31"
1244.29

1140.57

.195485
.186365
177673
.169344
161299,
153513
.146178

.139203-3 -
132571
.126263
1103970
943368
857110
.778546
707382
642902
584461

.631480 4
.483433
439851
.400305
364413
331829
-.302238
.275360
.250654
.227480

206598 4
187767
170773
155426

3.4870
35713

..3.6576

3.7464
3.839G .
3.9348

14,0324

4132240
43388
45550
47813
5.0183
5.2659
5.5255
5.7968
6.0805
6.3771

6.6876 +0
70121
7.3513
7.7053

-8.0762

8.4631
8.8684
9.2911
9.7380 .
1.0222 +1

1.0726 +1
1.1251
1.1798
1.2337

-68.700

. -69.700

-69.700
-69.604
-69.059
-68.5614
-67.969

67424

. -66334

-66.244
-64.155

-63.066 -

61977
-60.888
-59.799
-68.711
-57.623

-56.535

| .55.447
54350 -

-53.272
-52.185
-51.098

- 50.01

-48.925
-47.368
44326

-41.286
38.246
35.207
-32.168

TABLED TYPlCAl; GROUND WIND VELOCITIES IN CONTINENTAL us.

Station Wind Velocity — mph

’ ~ Maean Extreme
Albuquerque 89 90
Clevelsnd 108 74
Denver - 90 56
Detroit 10.2 48
Galveston 110 100+
Helens

xi

79

73

968.08
968.08
968.08
968.20
668.87
969.55
970.22

976.90
972.24
973.59
97493
976.28
977.62
978.95
980.29
981.62
982.95

984.28
985.61
986.93
088.26
989.54
990.90
992.21
993.53
965.41
-999.07

1002.72
1006.36
1009.98

1013.59




CHAPTER 1’
APPLICATIONS

Recovery systems cover a wide range of applications, including landing deceleration of aircraft, the Earth lan-
ding of the Apollo crew module, and airdrop of personnel and equipment as representative examples. All rs-

" - .covery systems have one component-in common, a deployable aerodynamic decelerator. The decelerator may

be single or multiple ballistic parachutes, a gliding parachute, a self inflating or pressure inflated drag balloon,
mechanical dive brakes, rotors or umbrelia type devices that can be stowed and unfuried for operation.

The type of recovery system used depends upon a number of factors, including the type of body or vehicle to
be recovered, the recovery operational envelope, the experience and available knowledge from similsr recovery
systems in the applicable technical field and, often more important, the time and funds available for develop-
ment. Tre latter may dictate use-of a more proven convem:onal system in preference to a ‘:izher performance
{lower weight, volume, load) but less proven system. Each recovery system selection and vevelopment should
take into account and evaluate such requirements as: .

System reliability '

Performance envelope (supersonic operation, high o

altitude performance, stability, giide capability, no

impact damage, étc.)

Low parachute opening and ground impact loads

Landing accuracy )

Low recovery system roinhe 2= wolume

Simplicity of design .

Location, flowation, survival geer o

Multiple reuse ' '

Simplicity of maintensnce, operation and refur-

bishment

Prime systes.1 interface »

Avtomatic checkout : . . . o

Resistance to environments! and battle damage .

Lony time storage capability

-Suitability for military operstion

Low developmernt, acquisition and life cyclc cost

Differsnt recovery system applications have a differsnt pmmry rating for the afore-listed requiremsnts. For
example, a system that provides the primary means of landing personnel, such ss the parachute system for 8
maenned spacecrsft, will have relisbility as the highest priority. An airdrop system, where the payload may cost
fees than tha recovery system will by necessity, stress scquisition cost and reuse in muitiple operations for low life
cycle cost. The difference in maintenance cost is ell demonstrated in the comparison between the 1% hour
packing time ror 8 100-# dismetsr sirdrop parachute and the 30 hours required for densely packing an 83.5 diam-
oter Apollo main parachute.

This chapter contains descriptions and discumsion of 8 number of recovery systems, many of which are or have ’
been operstional. Recovery system applications are grouped in tachnicsl arees of vehicle recovery, emergency
wecape from sircraft, airdrop of pcnomd and ‘equipment, aircraft decelerat’on and control, mid-air retrieval and
soecial appiicstions. Each section contains a discussion of typical requirements for the spplication, special design
approaches and a description of speciliz recovery systems within the particular spplication group.’ Specific recov-
ory systems wereé selucted based on operational experience, uniquenees of concept, performance requirements and

' alto on the availsbility of date ro the authors and the technicel comunlty in genersl,
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 VEHICLE RECOVERY

Vehicles that have employed recovery as a neces-
sary sequential function include target drones, remote-
ly piloted vehicles, missiles, soupding rocket payloads,
manned or unmanned flight mission controlled by a
pilot, or sn .autonomous on-board guidance unit,
prior to using the recovery system.

Recovery of Target Drones and Remotely Piloted
Vehicles.

Target drones generally are small, reusable, ground
controlled air vehicles in the 200 to 2000 Ib class that
simulate the optical, electromagnetic and electro-
optical s:gnatures of operational aircraft. Their flight
performance frequently duplicates that ot existing
aircraft in order to provide realistic target practice for
air-to-air and grourd-to-air weapons. Target drones
are flown in friendly territory, on controlied test
ranges and recovered in designated areas, they fre-
quently receive aerial damage due to target practice.

Remotely piloted vehicles (RPV's) are ground or
air-launched, use ground control or autsNomous Navi-
gation, weigh up to 7,000 Ibs and perform reconnais-
sance, electronic countermeasure, strike or other
mdssion functions in support of operational aircraft.
They are more sophisticated than aerial drones, carry
more sensitive electronic equipment and fly over
hostile territory in combat areas. RPV velocities
range frcm 50 knots to high subsonic speeds.

Economy of operation is achieved by maximum
reuse of both vehicle types, usually facilitated by
recovery with minimal damage, using a simple retriev-
al method and requiring minimum refurbishment cost
and-time. The following requirements are typical to
meet this goal

Recovery capabili*, from any point in the total

flight performance envelope (for target drnes that

may be partially damaged in target practice).

Minimal damage to vehicle or on-board equipment.

Simple, low cost recovery system '7sign of mini-

mum weight and volume which can be easily

instalted.

Capability of long time storage and operation
under extreme environmental conditions.

Cost effective retrieval and refurbishment cycle
Landing accuracy.

Insensitivity to combat or target practice damage.
Low life cycle cost.

Representative Systems. Several lvplcal tarqet
drone and RPV recovery systems are described in the
followiry paragvaphs

KD2R-5 and MQM-72C Target Drones. The first
target drone of the US Armed Forces, becoming
operational in 1343, was :he Radiopfane QQ-2. By
1950, this originat drane had developed into the
Army and Air Force QQ-19 and fater the Navy
KD2R-5 aerial targets weighing approximately 350 ib
at recovery with a maximum velocity of slightly
above 200 knots.

The MQM-74C target drone, developed during the
1960°s, has a recovery weight of 360 Ibs, 3 maximum
velocity-of 500 knats and carries more sensitive elec-
tronic equipment than the KDZR-5. An efficient 30-
ft diameter, fully extended skirt parachute lands the
MQMm-74C at a sea level rate of descent of 22 fps.
The target drone impacts at an angle of 65 degrees to
the horizontal and uses a crushable fiberglass nose
cone as an impact shock attenuator. The pressure
packed parachute is stowed in a removable fiberglass
container located an the upper side of the fuselage in
front of the vertical stabilizer. Command frcm the
ground controlier, or an emergency command. de-

" energizes a solenoid that releases the spring loaded

clamshell daoors of the MQM-74C parachute compart-
ment. The spring loaded pilot chute ejects, opens
behind the vertical stabiiizer and extracts the reefed
main parachute. The parachute system, including

pilot chute, bridle, riser and ground disconnect,

weighs 17 pounds.

The MQM-74C recovery system is also used in the
KD2R-5. Figure 1.1 shaws the arrangement and the
main dimensions for both the MCM-74C and the
KD2R-5 recovery: systerns, the diitzrence being that
the MQM-74C parachute employs reefing and the
KD2R-5 parachute|without recfing, uses a skirt hesi-
tator and a diffefent vehicle mtitude at landing.
Deployment ot the main parachute past the vertical
stabilizer is contrplled by pilot chute drag force
which keeps tension on all elements of the deploying
main narachute. smoath siabilizer with no pro-
truu1iq parts and (a slanting leading edge prevents
snagging of *he parachute. An automatic ground dis-
connect disengages| the parachute at landing to pre-

disengagement during parachute opening. Water
flotation is accomplished on the KD2R-5 by water-
proof compartments. The MQM-74C floats in 3 hori-
zontal attitude by means of a water-tight nose section
hoysing all electronic equipment and a {stored) gas
inflated flotation attached to the tail of the vehi-
cle. The land water recovery system of both
target drones has |proven to be reliable, simple in
operation, and to maintain and refurbish. A/
simple recovery

1
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for lightweight vehicles where emergency high speed
parachute deployment*is not required and where
relatively large parachute opening and impact icads of

. approximately 10 to 20 g's can be accepted.

U.S. Army/Fairchild USD-5 Reconnaissance RPV.
The Aircraft Division of the Fairchild Corporation in
the early 1960's developed for the US Army, a recon-
naissance drone with a maximum speed of 500 knots,
a launch weight of 7800 Ibs and a side-looking aerial
radar, as the prime sensor. The recovery system con- -
cept was determined by the following requiréments:

The radar sensor necessitatzd limiting the para-

chute forces to 3 g's and the landing deceleration

to8g'. . . '

Direct ground contcct of the drone had to be

avoided to prever:¢ structural damage when landing

in rough terrain, S

The recovery systemn .must ba deployed from a

compartment in front of a laige veriical stabilizer.

A high speed recouvery system,. covering the total

flight enveiupe, was required for the development

flight test phase. .
The recovery system was fully quaiiﬁed in a series of
recovery system tests ¥ and drone flights.

A cluster of two 78-ft diameter conical full-
extended-skirt parachutes lowered the vehicle with a
landing weight of 4800 Ibs at a rate of descent of 22
fps. Airbags were used for ground impact aitenuation.
Figure 1.2 shows the parachute and airbag system.

1.  Drogue Gun Slug
2 Pilot Chute (2.3 Ft D, Ringaiot)
3.  Deployment Bag for Extractor hncﬁun
4.  Extractor Parachute (7 F{ D, Ringslot}
5.  Bridia for Extractor Parachute
6. Deployment Bag for Main Parachute
2. Mein Perachute (78 Ft D, Conicel
Full Extended Skirt)
8. Riser
9. Parschute Compartment in Fussisge
10.  Airbag Compartment in Wing
11.  Forward Airbeg (1}
12.  Aft Airbeg (2)
13.  Non-defisting Nose Jag
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Recovery was initiated with pneumatic opening of
the clamshell doors, using the landing bag air supply
as a power source. Two drogue slugs were then fired

45 degrees aft and up, to pull two 2.3 ft diameter

pilot chutes past the stabilizer. These pilot chutes
deployed two 7-ft diameter ringslot extraction para-
chutes, which in turn extracted the 78-ft diameter
main ‘parachutes. The two main parachutes were
deployec independently left and right of the vertical
stabilizer. The main parachutes were reefed in one
step for four seconds. Al pilot chute and extraction
parachute risers were fong enough to permit para-
chute inflation behind the vertical stabilizer. Deploy-
ment bags were designed with off-center handles to
augment lift-out from the parachute compartment
and outward deflection-away from the stabilizer. The
main parachute system was qualified for a 250 knot
opening speed without surpassing the 3 g's lcad limit.
The airbag system consisted of two dual compart-
ment cylindrical wing bags and a sausage shaped nose
bag with a small 15-inch diameter non-deflatable
auxiliary airbag attached to the main bag. The two
wing bags located well behind the center of gravity of
the vehicle, deflated the lower compartments upon
ground contact. The nose bag deflated fully and the
drone came to rest on the non-deflating auxiliary
nose bag and the two- upper compartments of the
wing bags. This system proved quite effective and
landed the USD-5 undamaged in numerous flights
during the service test phase.

CL-89 Battlefield Reconnaissance RPV. Canadair
in Montreal, Canada has developed a smalt battlefield
reconnaissance RPV that is in use with several NATO

- countries. The 400 knot, 250 pound RPV usés a

drogue parachute, main parachute, airbag recovery

" system and a unique homing beacon for a fully auto-

matic larnding. A 500 ft landing circle accuracy is

‘claimed for this day or night all-weather reconnais-

sance RPV2.,

AQM/BGM-34 Remotely Piloted Vehicle Series.
Teledyne Ryan Aeronautical has developed, for the
USAF, a series of RPV’s which includes the AQM-
34M/L reconnaissance RPV, the AQM-34H and -34V
ECM RPV’s and the multi-mission BGM-34C RPV.
These vehicles use helicopter mid-air retrieval for
recovery. This retrieval system is discussed in detail

"on page 60.

High Altitude Supersonic Target. A high altitude
supersonic target (HAST) has been developed by the
Beech Aircraft Company 3177 |t covers a perform-
ance range from Mach 1.2 at 35,000 to Mach 4 at

,
- . S AA-H .

100,000 ft powered by a hybrid rocket eng
Launch of the 1200-1b drone is by aircratt, and rec
ery is by helicopter mid-air retrieval. The operatic
recovery system starts with decreasing the dr
velocity to slightly below Mach 1, and the altitude
below 50,000 feet. It then deploys a 6.9 ft diame
conical ribbon parachute for initial deceleration ¢
descent to 15,000 feet.

At this altitude, the drogue parachute disconne
and deploys a 45.5 ft diameter reefed Ringsail p:
chute for mid-air retrieval. This concept depends
the drone having completed its mission withi
suffering damage that could prevent it from reach
the recovery altitude and speed. Efforts are un
way to allow recovery from most of the flight ¢
formance envelope. This may result in use of a 5.§
diameter Hemisflo ribbon parachute capabie of be
orerated at speeds in excess of Mach 2 for decele
ting the drane to the operating envelope of 1
second drogue parachute. A flotation sysiein will
included to facilitate water recovery in case paracht
deployment occurs beyond the reach of the retrie
helicopter or at drone weights and rates of desce
too high for mid-air retrieval. Unique features of t
recovery system are the short coupling of the drog
parachute to the vehicle, made possible by the slenc
streamlined vehicle body, and the large Ringsail me

‘parachute which combines a high drag with the sk

ted design necessary for the helicopter retrieval ho
to engage. The main parachute size, which is' rie
maximum for direct mid-air engagement, avoids t
problems of the tandem parachute mid-air retriex
system discussed on page 64 . Use of Kevlar mate
al for the fabrication of the first and second sta
drogue parachutes combined with high density pac
ing procedures will help in reducing the stowed v
ume of this advanced recovery system.

Special Design Considerations. Positive parachu -
deployment from the stowage compartment in
good airflow behind the vehicle is one of the prin
requisites for reliable parachute operation. Sm:’
drones successfully use sciing loaded pilot chutes ar
ejected doors for pilot chute deployment. Large vet
cles need forced deployment of the initial parachu
such.as the drogue gun deployed pilot chutes of t
USD-5, or the mortar and catapult ejected drogt
parachutes of the Apollo and F-lIl crew capsules.
favorable parachute installation is used in the Tel
dyne Ryan Firebee target drones and the related -3
RPV series, The drogue parachute and main par.
chute are stowed one behind the other in the tail ¢
the vehicle. Ejection of the tail cone deploys tt
drogue parachute which stays attached to the mai
parachute housing. At main parachute deploymer




command below 15,000 feet, this housing discon-
nects and is pulled away by the drogue parachute
thereby deploying the main parachute.

Recovery cof an out-of-control vehicle requnres
forced deployment of the drogue parachute away
from the effective range of the spinning or tumbling

vehicle. This is best accomplished by mortar deploy- i

ment of the drogue parachute.

Experience has shown that for reluabmty reasons,

two independent sequencing systems are advisabie.

This includes dual sensors for deployment and termi- -

nal recovery commands, dual initiators, possible.dual
actuators and similar functions. Normal recovery is
initiated by ground command or ground beacon. Re-
covery may be started also by engine or electrical
power failure, loss of the ground commanrd channel
or by command of the range safety officer.

A no-impact-damage landing can be achieved for
small, unsophisticated drones with a low rate of de-
scent and a sturdy vehicle design. All larger vehicles,
and those with sensitive electronics gear, will require
either mid-air. retrieval or such impact attenuation
systems as crushables, frangibles, airbags or retro-
. rockets. Which system to choose is a function of the
mission concept, the allowable impact deceleration
and the vehicle design"s.

Missile Recovery
In the 1950's and early 1960’s, recovery was selec-

tively applied to missiles during research and develop- -

ment testing, primarily for the purpose of after-flight
vehicle and component inspection and failure analysis.
The development of recovery systems for fast flying,

possible out-of-control missiles proved to be difficult. -

Weight and space in missiles is at a premium and the
recovery system should have a high probability of
success for the first flight, where it may be needed
most. Few missile recovery prejects materialized. As
the art of electronic measurements and real-time
flight data monitoring and transmission progressed,
recovery of the actual missile became less important.

One interesting project was, the recovery of the

Terrier ship-to-air missile for inspection and possible .

training reuse. A successful multi-use recovery sys-
tem was developed for the training version of the
Matador/Mace missile, but it was never used opera-
tionally. A similar approach is presently being invest-
“igated for the airlaunched cruise missile (ALCM). Re-
quiremants for recovery of training missiles are simi-

far to th.ose for the reuse of target drones and RPV's. -

The follcwing paragraphs provide data on specific
missile recovery projects.

Terrier Missile Recovery System. In the early
1950's, the Radioplane Company developed a recov-
ery system for the 850-Ib Terrier ship-to-air missite®.

_'Recovery was initiated at Mach 1.0to 1.2 usinga 3.0

ft diameter ribbed guide surface drogue parachute, 23
ft diameter solid conical main parachute and a water
flotation recovery system. The intent was to reuse
missiles for training flights. Six flights were perform-
ed with limited recovery success. The concept did
not prove practical, considering the cost of the ex-
tended ‘water recovery operation and the refurbish-
ment of the sea water scaked rnissile.

Matador/Mace Recovery. |n the late 1950°s, the
Air Force investigated the recovery of Matador/Mace
training missiles for reuse. The 10,000 Ib missile was
recovered by reducing :he speed to 200 knots and
using a mortar ejected gilot/drogue parachute for
deploying three each, 100 ft diameter tri-conical main
descent parachutes. Two sausage shaped dual com-
partment airbags around the front and the rear of the
fuselage, cushioned the fanding impact and kept the
missile off the ground. Successful recovery tests were
conducted 7.8,

Aii Launched Cruise Missile Mid-Air Retrieval. A
recovery system for ALCM vehicles fira. in training
flights, is under development. Tne vehicle weighing
in excess of 1500 Ibs will conduc? a pull-up maneuver
prior to parachute deployment. Helicopter mid-air
retrieval is planned for final recavery. Several mid-air
retrieval parachute concepts are being investigated.

Sounding Rockets and Fieentry Venicles

Sounding rockets and reentry vehicles vary widely
in mission purpose, flight trajectories, apogee alti-

. tude, reertry angles and reentry velocities. Neverthe-

less, there are basic similarities in the concept and
design of recovery systems for returning the payloads.
Apogee altitudes vary from approximately 200,000

. feet for the HASP (High Altitude Sounding Probe) to’

the 1,200 mile apogee of the NERV {Nuclear Emul- .
sion Reentry Vehicle). The corresponding reentry
velocities vary from approximately 2,000 fps to
20,000 fps.

Recovery System Approach and Design. Reentry
and descent velocities of probes and nose cones ejec- |
ted from rockets, flying harpin or steep trajectories '
will vary from about 2,000 to 20,000 fps. Capsules
from Earth orbiting vehicles are ejected at about
25,000 fps. The Apollo spacecraft reentered the
Earth’s atmosphere in a shallow trajectory at 36,000
fps. Aerodynamic deceleration starts as soon as the
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vehicle enters the continuum flow atmosphere at
200,000 to 300,000 feet aititude. Aerobee 2, HASP
and other sounding rockets take measurements on the
ascending trajectory, separate the instrumented nose
cone near apogee and by proper location of the cen-
ter of gravity, the nose cone dascends in a flat spin.
Spiqning nose sections (probes) of up to several hun-
dred pounds weight, obtain ballistic coefficients of 50
to 100 osf which decelerates the probe to between
200 and 400 fps at 5,000 to 10,000 feet altitude, suf-
ficient for main parachute deployment® 11, Light-
weight parachutes can be deployed at altitudes up to

280,000 feet if a slow, stable descent through the.

upper atmosphere is requ:red1 For higher altitudes
and higher ballistic coefficient, vehicles with large
flared skirts or dive brakesmmay be used for initial
deceleration followed by parachutes in the Mach 3
range or ram-gir inflated balloons for speeds of Mach
4 or greater 1o, Decelerator design selection con-
siderations are aerodynamic heating, inflation stabil-
ity, low or high dynamic pressures and altitude and
time available for decele. tion. Hemisflo ribbon para-
chutes anc the Baltute'®have been used successfully
for these high Mach' applications. Figure 1.3 shows a
a typical high altitude probe trajectory profile.
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Figure 1.3 Typical High Altitude Probe Trajectory

Nose cones of the Jupiter C, the NERV and the
MASA “Big Shot”, {the latter took pictures of the
inflating Earth orbiting Echo Il balioon in 1967} re-
entered at speeds up to 20,000 fps. Aerodynamic
deceleration for the stable or rotating, lightweight,
large diameter nose cones was provided by ballistic’
coefficients in the 50 to 150 psf range. This resulted
in aerodynamic deceleration to velocities in the Mach
0.7 to- 1.5 range at 5,000 to 10,000 feet altitude.
Single parachutes,depioyed at these speeds provided
water entry velocities from 80 to 100 fps. Recog-
nized problems were ejection of the parachute
through the vehicte wake into good airflow for proper
inflation, a swivel to prevent parachute wrap-up by a

rotating nose cone and heat protection of the recov-

ery system.

Today’s nose cones:are usually heavier, ha\.e small-
er nose radii and moresiender cone angles with result-
ant W/Cp$S values in excess of 1,000 psf and terminal
sea level velocities of up to 5,000 ips. Efforts to re-
cover these vehicles involves ejection of ali non-essen-
tial mass for reduction of W/CpS, development of
high temperature resistant dive hrakes, development

"of Kevlar and other high temperature materials'®

The terminal phase of the recovery sequence, mid-
air retrieval, ground landing or water landing, deter-
mines the parachute type and size necessary. Mid-air
retrieval parachutes rieed a descent rate of 20 to 25
fps at 10,000 feet altitude for both rotary wing and
fixed wing aircraft recovery. These parachutes are
opened at altitudes of 15,000 to 40,000 feet to pro-
vide sufficient time for the retrieva! aircraft to
acquire and approach the descending parachute vehi-
cle ‘system. Mid-air retrieval starts at 10,000 to
15,000 feet altitude and requires special parachutes
of reinforced slotted design or tandem parachute sys-
tems discussed in detail on page 64 .

Ground landing requires descent velocities of
about 20 fps and possibly impact'attenuation equip-
ment in order to prevent damage. The resultant large
parachutes have considerable weight and volume
which is frequently not acceptable. Water entry per-
mits entry velocities of 50 to 100 fps with corres-
pondingly smaller and lighter parachutes but adds
infiation, location and retrieval equipment.

Spacecraft Recovery

The subject of spacecraft recovery covers a wide
variety of vehicle systems and applications. Space-
c_raft recovery systems can be grouped as follows:

1. Earth orbiting research vehicle recovery sys-
tems

2. Planetary spacecraft descent systems
3. Manned spacecraft terrestial "anding systems




The first group involves such Earth orbiting research
vehicles as Discoverer and Biosatellite. The second
group consists of the two Viking Mars landers and the
Pioneer-Venus spacecraft which will descend to the
surface of the planet Venus in late 1978. Both of
these prograins use parachutes for controlling part of
the descent trajectory, but not for landing. The third
group includes the crew modules of the Mercury,
Gemini and Apollo spacecraft as well as the Russian
Vostok ‘and Soyuz space vehicles.

Requirements for Spacecraft Recovery. Reliabil-
ity, minimum - weight and volume, suitability for
space environment and protection agdinst reentry
heating aré primary requirements common to ail
spacecraft recovery systems.

Reliability. It is obvious that parachutes that form
part of 3 manned mission require the highest reliabil-
ity possible. A second reason for high reliability is
cost of spacecraft systems. When the Apollo I

mmand module landed after the first completed
m mission, it had cost the U.S. taxpayer approx-
imately. $400,000 per pound of Apoilo command
module returned to Earth. The cost figures for other
recoverable spacecraft are probably similar. Apollo,
Gemini and Mercury in addition, had to cope with
the fact that the nation and the wortd were watching
the U.S. space effort.

Low Weight and Volume. The cost of getting one
pound of spacecraft on its way to the planets is lower
than the cost of landing a spacecraft but is still'many
thousands of dollars per pound. Every pound|saved
on the recovery system saves considerable fu
frees weight and volume for instrumentatio
serves the primary mission purpose of exploring Space.
To'obtain minimum weight and volume, and still have
3 reliable system, requires an unusual amount of.
analysis, a high performance, low loads design and a
test program that provides the maxnmum assurance
that the system will work as designed.

- Space Environment. Extreme low pressures and
temperatures are encountered in interpfanetary space.
These conditions will cause outgassing of all volatile
components such as moisture, oils, coating and fin-
ishes contained in such decelerator materials as rjylon,

"Dacron ‘and Kevlar. This can conceivably change the
property characteristics of these materials. Iniaddi-

tion, a chemically hostile atmospheric enviroriment -

may be encountered on some of the planets.

Aerodynamic Heating. The Apolloc command
module reenters the Earth’s atmosphere at a veldcity
of 36,000 fps reSUlting in heat shield temperatures in
excess of 5000°F. The temperature environment
required protection for the recovery system as well as
selection of suitable parachute materials.

Recovery of Earth Orbiting Research Vehicles. Re-
coverable spacecraft in this category are the Biosatel-
lite -énd the Discoverer type spacecraft. Both vehicles
gather information while cruisingin Earth orbits. The
Biosatellite served as home for a primate (monkey).

The orbiting vehicle consisted of the recoverable re- '

entry capsule containing the primate, a secondary life
support system, all gathered data and the reentry and
recovery subsystems. The primary life support sys-
tem and most of the instrumentation was housed in a
non-recoverable adapter. This adapter was separated
from the recovery capsule shortly before reentry.
The blunt nose cone and large diameter body resulted
in a low ballistic coefficient and caused reentry decel-
eration of the vehicle to high subsonic speeds at suffi-
cient altitude to eject the rear' heat shield which
deployed a 7-ft diameter unreefed ribbon drogue
parachute. The drogue parachute then deplqys a
reefed 36-ft diameter Ringslot main recovery para-

‘chute suitable for mid-air retrieval by C-130 aircraft.

The weight of the total parachute assembly was 37.5
Ibs. Flotation, location and water pick-up equipment
permitted water retrieval in case mid-air retrieval
could not be accompolished. All recovery sequencing
and propellant actuated functions were redundant for
rehabuhty reasons.

The Discoverer reentry capsule is very similar to
the Biosatellite capsule. It has a total capsule weight

-of 180 lbs. The drogue parachute is a 5.4 ft diameter
. conical ribbon parachute. A 29.8 ft diameter reefed

Ringslot parachute is used as a descent and mid-air
retrieval parachute. The drogue parachute is depioy-
ed at altitudes up to 70,000 feet and the main para-
chute up to 50,000 feet. This provides sufficient
time for the C-130 mid-air retrieval aircraft to acquire
and aproach the capsule. The total parachute assem-
bly weighs 23.8 Ibs. Location, flotation and water
retrieval gear {(in case of mid-air retrieval failure) is
similar to the Biosatellite recovery system,

- Planetary Entry Trajectory Control by Parachute.
In July and August of 1976, two Viking instrument
packages, called landers, soft-landed on the surface of
the planet Mars. In Sepniember, 1977, two Pioneer
probes started on their way to' the planet Venus.
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They are scheduled to arrive in December 1978 and
eject four pods that will descend through the Venus
atmosphere. Both Mars landers have used parachutes
and one of the Pioneer-Venus pods will use a para-
chute for partial trajectory control. Both parachute
systeras are designed to operate in atmospheric densi-
ties quite different from that of Earth. The Mars
atmosphere is cold and has approximately 1/100 of
the Earth's atmosphere. The atmosphere on the
planet Venus is about 100 times as dense as the
Earth’'s atmosphere, and surface temperatures are
close to 900°F. Also, the chemical compositioris of

the Mars and Venus atmospheres are quite different :

from that of the Earth, Atmospheric conditions on
Venus are reasonably well established, whereas knowl-
edge of the atmospheric conditions on Mars’ surface
were limited, requiring the parachute system to be
operative over 3 wide Mach number and dynamic
pressure range. The purpose of the Mars mission, in
addition, required the planetary landing system to be
biologically clean, necessitating extensive steriiization
of the lander and all its subsystems. NASA, the
responsible agency for both programs, established a
systeinatic development, test and qualification pro-
gram for both decelerator systems.

The Venus mission does not require a biclogically

clean systemn, therefore, was easier to define, develop

and test. . !

Viking Lander Parachute System. The planned
sequence of events for the Viking-Mars lander is
shown in Figure 1.4. After separation from the Mars
orbiter the lander entered the Mars atmosphere at

about 800,000 feet a'titude. Up to this time the .

lander was contained in the bioshield, sealed, pressur-
ized and protected from biological contamination
prior to entering the Mars atmosphere. The bioshield
was ejected after deorbit. The lander, heat protected

_and decelerated By its large diameter aeroshell, was

controlled in pitch and yaw by an on-board attitude
control system. A radar altimeter sensed and com-
municated altitude information. Upon reaching an
altitude of 21,000 feet above the Mars surface and a
nominal velocity of 1200 fps, a 63-ft diameter disk-
gap-band parachute {non-reefed) was mortar ejected
and opened in about three seconds in the wake of the
large aeroshell. Seven seconds later the aeroshel
ejected and three landing foot-pads extended. At
4000 feet altitude and a nominal velocity ot about

200 fps, the parachute was disconnected and the
‘descent engines were fired.

At the start of the Viking program large uncertain-
ties existed concerning the Martian atmosphere. This
required nossible parachute operation from Mach 2.1

to low subsonic speeds cnd at a dynamic pressure

range from 0.5 to 10 psf. Viking mission constraints
dictated minimum weight and volume for recovery
components, 8 parachute that functioned in the wake
of the large aeroshell lander forebody within a de-
fined drag area and upening, load range, ‘a parachute

.that operated after being pressure packed for thirty-

six months, and a recovery system that did not con-
taminate the atmosphere and ‘surface of the planet
Mars'®. .

NASA established three programs for selection,
deveiopment 'and qualitication of the parachute
decelerator system. The Planetary Entry Parachute
Program (PEPP) used rockets and balloon launched
experiments to test disk-gap-band, ringsail and cross
parachutes, and some Ballutes at. altitudes above
100,000 feet and Mach numbers from 1.0 to 2.6.
Based on the PEPP tests, NASA selected the disk-gap-
band parachute for the Viking mission'®  In two
subsequent programs, Low Altitude Drop Tests
(LADT} .and Balloon Launched Deceleraiur Tests
(BLDT), NASA developed and qualified the 53-ft
diameter , disk-gap-band parachute as the Viking
decelerator. The LADT series used a B-57 aircraft
ftying at 60,000 feet as a test platform and investiga-

. ted parachute opening !oads and stresses at values up

to 1.5 times the predicted design loads. Parachutes
were modified based on test results The final
parachute design and decelerator system were quali-
fied in the BLDT pragram using a boilerplate lander
and all end item components including the final
mortar?!

Enter Mar- *.‘mosphere

Jottison Chute & \
Fire Vernier Engines » Free Fall
{4000t} o ‘ Deacent
Vernier Engine TN
Shutoft ] Landing A=
V=020 V, =125 1050 foe

'‘Figure 1.4 Descent Profile for A Mars Landing
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in order to meet the biologically clean lander
requirements for the Mars mission, the following
steps were taken:

Polyester {Dacron 52) material was used for all

textile parts to minimize shrinkage and cloth out-

gassing

All parts were retained

The decelerator system and total lander were sub-

jected 1o several sterilization cycles at 275°F and

then sealed for instatiation into the lander

Pioneer-Venus Probe Parachute System. Of the
four probes that will descend through the Venus
atmosphere in December 1978, the so-called “large
probe’’ will use a parachute during its travel through
the Venus cloud cover. The purpose of the large
probe is to conduct a sounding of the extremes of the
Venus atmospherg, tc make in situ measurements of

the atmospheric structure, its composition and 1o,

invesiigate the cloud cover distribution, composition
and interaction with light and thermali radiation. The
probe is ejected from a mother vehicle which enters
the Venus atmosphere at about 320,000 fcet at a
velocity of 38,100 fps. The instrument container is a
spherical titanium pressure vesse. sirrounded ard
protected by, an seroshell heatsh ..a »»~ 'car cover
quite similar to the Mars Lander - ..gemeni. The
. B6-inch diameter aeroshell decelerates the 670 Ib
probe to a velocity of Mach 0.8 at 220.000 feet. At
this altitude a 2.5 ft diameter guide surface pilot
chute is mortar ejected, removes the rear cover and
extracts the 16.2 ft diameter ribbon main . descent

parachute. The opening force of the main parachute '

disconnects and ejects the aeroshell heatshield. The
. 29-inch diameter instrument container descends an
the parachute for nineteers minutes to 155,000 feet,
At this point, the velocity is so low that the para-
chute is jettisoned. Thirty-seven minutes later, the

probe impacts on the surface of Venus and ends its

mission. _

Parachute design is based on its primary function,
10 decelerate and stabilize the instrument conta.ner
during its’ descent through the Venus cloud cover.
- Surface pressure, temperature and altitude gradients
are reasonably well known. The parachute deploy-
ment conditions therefore, are better defined thar
they were for the design of the Mars lander decelera-
tor. Also, no requirements exist for a biologically
clean vzhicle, thus eliminating the need for steriliza-
tion. Polyester was selected as parachute material
since it has better resistance than nylon to sulphuric
acid, one of the ingredients of the Venus atmosphere,
Further, the effects of interplanetary space environ-
ment on material characteristics are weil established
from the Viking program. .

The Pioneer-Vanus parachute must provide stable
descent with less than three degrees of oscillation,
parachute opening at Mach 0.8 and a dynamic pres-
sure of 59 psf, a drag area of 108 £ & ft2, an opening
load —. 9100 Ibs for a maximum vehicle weight of 670
ibs, and the parachute vehicle system must descend at
a trim angle of two-degrees. A 16.2 ft diameter, 20
degree conical ribbon parachute was selected. |t has

twenty gores, a total oorosity of 24.+ percent, a sus-

pension line length ratio, /p/D,. of 1.22 and s fabri-
cated from heat-set polyester material. A skirt con-

~trol line is used to'limit over-inflation and thereby

restrict opening 'oads and canopy breathing in the
wake of the forebody. This control method was
developed for, and it discussed .in, the subsequent
Apollo spacecraft description.

Design verification tests were conducted at the
National Parachute Test Range at E! Centro. A bomb
type test vehicle was used, dropped from an F-4 air-
craft flying at 40,000 feet altitude. All design require-
ments were verified in the test, including a 1.25
dynamic pressure overload.

The final qualification test was conducted with a
simulated Vznus prcbe vehicle weighing 670 Ibs and
carried to altitude on a balloon at the White Sands
Missile Range. The probé vehicle was reieased at
99,000 feet altitude and the entire parachute sysiem
was deployed and tested. The test arrangement,
simuiating the Venus prabe, is shown in Figure 1.5
Reference 22 describes the Venus prote, the para-
chute 'systam used, and the two test programs for
verification and qualification of the parachute system,

Manned Spacecraft Parachute Landing Systems.
United States manned spacecraft, Mercury, Gemini,
and Apollo as well as Russian manned spacgcraft,
Vostok and Soyuz, have employed parachute systems

-for the landing phase of the space mission and for

mission abort emergencies.

The following ground rules were established for V

meeting the Mercury landing system performance and

" retiability. requirements and have been used for proj-
ects Géemini and Apolio in 3 form adopted to their

particular missicn: ‘

The final landing on all abort cases are consndered
operational :andings.
No single component or subsystem failure can cause'

- loss of the crew or toial system failure (redundant
system requirement).

* The design of the recovery system wull be based on
existing technotogy.
Weight and volume of the system will pe knpt to
an absolute minimum,

Parachute and fanding forces are to be kept to 3
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Figdm 1.5 Deployment Sequence Of The Venus Prabo. Deceierator

level that permits the astronauts to perform imme-
diate post-flight functions.
All functions related to parachute deployment and
landing must be performed by a dual automatic
system, backed up by astronaut override capability.
All components, subsystems and the total system
will be desiyn load tested, over-lcad tested and
fully qualified prior to the first space flight.
Prudent implementation of these requirements
resulted in fifty-six consecutive. successtul parachute
spacecraft landings including thirty-one manned land-
ings (six Mercury, ten Gemini, eleven Apoilo, three
Spacelab and one Apollo-Soyuz flight). Twice in the
Mercury program the parachute landing system was

used in aborts of unmanned flights. On the Apolio . -

16 flight, one of the main parachutes was damaged
after opening and defiated, the onty anomaly in fifty-
six spacecraft landings.

Unforseen problems were. caused by spacectaft
weight growth of thirty percent on Mercury and sixty
percent on Apollo. Spacecraft weight growth caused

. a predictable assoriated increase in deployment, -

velocity, parachute forces, parachute weights and
pressure packing demands. In addition, unexpected

10

subsonic instability of the spacecraft made parachute
deployment more complex and increased parachute
loads. Other problems included chemical effects of
attitude control motor fuels on textile parachute
components and the wake effect of the large space-
craft forebodies on the drag area decrease and load
increase of the drogue parachutes. Exposure to the
extra-terrestrial space environment of the Apuio
mission between Earth and moon did not cause a
suspected textile material degradation, a fact later
confirmed in the parachuce systems for the Mars
Viking unmanned iander. _

All maximum parachute loads, minimum depioy-
ment altitude and critical deployment time condi-
tions resuited from abort or single failure mode test
conditions.

‘Mercury Parachute Landing System. The design
requiremems?"‘ for the Mercury landing system spec-
ified a capability 10 jand: '

on land or water after normal reentry, with landing

being an emergency '

from mission aborts covering the time from just

prior to lift-off 0 arbit insertion




The Mercury spacecraft after deorbit was stahilized
by an on-board reaction control system (RCC) and
decelerated by its own 'drag to subsonic velocity at
around 30,000 feet. A 6-ft diameter ribbon drogue
parachute was mortur deployed at altitudes from
20,000 to 40,000 feet, primarily for stabilizing the
spacecraft during subsonic descent. The drogue para-
chute was sttachec to the antenna section at the
upper part of the spacecraft, by a 24-ft long polyes-
ter riser and a three-leg steel cable harness. At 10,000
feet altitude the antenna section was disconnected
and a reefed 63-ft diameter Ringsail parachute de-
ploysd... After main parachute opening the forward
heat shitld lowered to deploy an impact attenuaticn
bag. The spacecraft fanded at a rate of descent of 28
fps. The drogue parachute was designed and tested
for speeds up to Mach 1.5 at 70,000 feet aititude for
emergency deployment in case of spacecraft stability
probiems. The main parachute and the impact bags
were designed for possible land landings at up to
5000 fset altitude, and the impact bag was to reduce
ground impact deceleration from 45 to 15 g's. The
automatic sequencing system deployed the drogue
parachute and main parachute at 21,000 and 10,000
feet altitude, respectively. Manual override by the
astronauts permitted drogue parachute deployment at
higher altitudes and speeds. There was no reserve
drogue parachute since even an instable spacecraft
would have deceierated by its own drag to the allow-
abla deployment velucity of the main parachute at
10,000 feet. The astronauts had green and red lights
to indicate proper parachute deployment or a mal-
function. In the latter case, the astronaut could

: r‘ulamuna.

manually check all prior deployment functions and if
necessary, deplcy the reserve main parachute by
manual control. Table 1.1 gives technical details of
the Mercury parachute system and Figure 1.6 shows
the installation of the primary and the reserve main
parachute. Parallel sequencing systems were used for
controlling all automatic deployment functions.

in actual use the parachute system functioned as .

designed in twenty fiights including six manned
flights and two unmanned abort emergencies. On
w9 occasions the astronaut deployed the drogue
parachute above 21,000 feec by manual override
command. The reserve main parachute was never
used. . ‘

Gemini Parachute Landing System. The Gemini
Earth orbiting spacecraft was a two-man vehicle based
on the Mercury design. |lts purpose was to investigate
fourteen day orbital flights; develop rendezvous and
docking techniques, and to test advanced subsystems
suitable for the Apollo moon mission. NASA speci-
fied land landing by Paraglider and an ejection seat
back-up system as the means for landing the astro-
nauts. In addition, a parachute water landing system
similar to the Mercury system, was developed as a
back-up in case the Paraglider system should not be
ready for early Gemini flights. The intention was to

" eliminate the heavy escape tower used on Mercury

and to provide land landing capability in a preselected

.area. When the Paraglider program encountered

problems, the NASA Manned Spaceflight Center in
Houston started an in-house program for the develop-
ment of a land !anding capabiltiy using a steerable

ANTERNA FARNS
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Figure 1.6 Mercury Recovery System Instelistion




TABLE 1.1 TECHNICAL DATA OF THE MERCURY PARACHUTE SYSTEM

ttem Units P:":hg!::te Pa:::r'\r:ne
Number 1 2 (1 Reserve)
Diameter, D, (ft) 6.0/6.87 63.1
Type 30° Conical Ribbon Ringsail
Reefzd, Dp/0, (%) No ‘ 12%, 4 sec
No. of Suspension l.ines 8 48
Strength of Suspension Lines {ibs} 1000 550
Weirht (1bs) . 29 56
L : L escih Ratio {14/Dy) 1.0 92
Riser raterial Polyester Nylon
Riser Lengthl (tt) 19.7 4
Riser Strength (1bs) 700C 9000
Riser Weight {lbs) 267 -
Harress . 3 Steel Cables -
Assembly Weight' {ibs) 6.43 60.2
Design Load . (ibs) 3800 10,000
Design Altitude (ft) 42,000 10,000
Design Speed M=15 164 KEAS
Test Load (max) (ibs) 5600 14,000
Test Altitule (max) {ft) 70,000 10,000
Test Speed (max) M= 15 190 KEAS
Suspen&ed Weight (ibs) 2900 2800
Rate of Descert {tps) - 28

The reserve main parachute was identical to the primary main parachute, but it was deploved upon pilot com-

mand by a drogue slug deployed, 6-ft diamete- pilot chute.

‘12




Parasail parachute for glide approach, and fanding
rockets for vertical impact attenuation.

The requirements for the Mercury and Gemini
water landing systems were closely related since both
vehicles enter the Earth  atmosphere from Earth
orbitai flight. 'The weight of the Gemini capsule was
4400 tbs compared to 2900 Ibs for the Mercury cap-
sule. The Gemini spacecraft did not enter ballistically
as the Mercury capsule, but maintained an angle of
attack giving a glide ratio of about 0.4 for a limited
crossrange capability which somewhat affected the
initial parachute deployment conditions. The Para-
glider land landing program was cancelled haif way
through the Gemini development program and the
back-up parachute system developed as the primary

system, for landing in water. The ejection seat was
maintained for back-up escape.
The parachute system is shown in Figure 1.7
consisted of a mortar deployed 8.3 ft diameter, 20-
‘ degree conical, ribbon drogue parachute reefed to

It

43 percent (Dg/D,) for sixteen seconds. The para-
chute was designed for a dynamic pressure of 142
psf, with twelve. 750 b suspension jines. An 18.2 f
diameter reefed Ringsail parachute was used in tan-
dem with the drogue parachute to remove the rendez-
vous and recovery (R & R} section which housed the
main parachute. The pilot chute has sixteen 500 (b
suspersion lines and was reefed to 11.5 percent
{Dg/D,) tor six seconds. The pilot chute could be
mortar deployed upon astronaut cermand in case of
drogue parachute failure. The main parachute; an
84.2 ft diameter Ringsail with seventy-two suspension
lines of 550 ibs strength each, was reefed to 10.5 per-
cent (Dg/D,J for ten seconds, and was designed for a
dynamic pressure of 120 psf. 1t lowered the Gemini
capsule with a rate of descent of 28 fps at water fand-
ing. The capsule was supported under the parachute
in 3 harness with a hang angle of 35 degrees from
horizontal. This favorable water entry attiiude elimi-
riated the need for a landing impact attenuation bag

—-'dw in.

312 1n.
110 In.
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Figure 1.7 Gomini Parachute System
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as used on the Mercury capsule. All parachute de-
ployment functions were initiated manually by the
astronauts with nc autcmatic back-up system.

The drooue parachute, which had the primary
purpose of stabilizing the capsule, was deployed by
astronaut command while passing through the 50,000
ft altitude level with a barostatically controtled warn-
ing light actuated at 40,000 feet altitude. At 10,600
feet, another barostatically controlled warning light
signaled the astronaut to deploy the main parachute,
which started by disconnecting the drogue parachute
to extract the pilot chute attached to the R & R sec-
tion. After 2.5 seconds, the R & R section which
housed the main parachute, was disconnected, pulled
away from the capsule and extracted the main para-
chute. The reason for the large pilot chute was to
lower the R & R section at a low rate of descent to
avoid recontact with the capsule. After full main
parachute inflation the astronaut actuated a discon-
nect that transferred the main parachute from the
single riser to the V-harness for water landing. The
main parachute was (ettisoned by astronaut command
after water impact similar to the Mercury procedure.
The Gemini main parachute system was designed
to hmit the maximum parachute force to 16,000
ibs and the water n'npact decelerauon 10 less than
1549 $49

" Burble Fence

Iniets |4 Places)

Baliute inflated
by Ram Air

Figure 1.8 Gemini Ejection Sest with Deployed Ballute
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Ejection seats were the means for back-up escape.
The operating envelops extended from pad-abort
(zero-zero case} to an altitude of 70,000 feet at a

speed of Mach 2.86 and a maximum dynamic pres-.

sure of 820 psf. The seat system consisted of the
ejection seat, seat rocket catapult, crew module hatch
actuating system, personnel parachute and the surviv-
al equipment. The escape system was successfully
tested for the required performance envelope: how-
ever, NASA restricted its operational use to 15,000
feet altitude to avoid inteference with the booster
and crew module, and tu minimize time-related water

survival hazzards. A Ballute provided astronaut stabil-

ization in case of high altitude bailout as shown in Fig-
ure 1.8. It was determined in tests, that a 48-inch dia-
meter unit was required to provide sufficient stability
and to limit rotation to an acceptabie fevel. Other
subsystems, procedures and survival equupment are
quite-similar to aircraft escape systems.

The Paraglider land landing concept®24 s
shown in Figure 1.9  The 8.3 ft diameter drogue
parachute used for spacecraft stabilization was
deployed at 60,000 feet altitude. At 50,000 feet the
R & R section was disconnected and removed by the
drogue parachute. The Paraglider was then deployed
and inflated. The Paraglider design which was the
predecessor of the single keel NASA Parawing had a
wing area of 714 ft? and (stored) gas inflated leading
edges and keel. NASA Ames winG tunnel tests pre-
dicted a glide ratio of better than three, and a flare-
out capability. In half and full scale tests, problems
were encountered with deployment and inflation of
the Paraglider. Tests conducted in February 1964,
appeared to have solved most of these problems.

E Menvel Depicyment of Drogue = 60,000 Ft.

Relesse Drogue = 50,000 Fe. '
Inflation Complete
E Dcplomnr Imn‘aud . .

Glide = 40,000 Ft

Figure 1.9 Gomini Parsglider Deployment
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However, the remaining time, prior to Gemini fiights,
was oo shori 10 assume timery solutions to control-
led flight, flare-out !anding, and stowage problems.
~The program was cancelled in February 1964.
A program was started in September 1962 as an in-
“house effort of the NASA Manned Spaceflight Center
in Houston, Texas to develop a and fanding system
suitable for the Gemini capsule?5 %6 The systam--
consists of a 70 ft diameter Parasail parachute with a
giide ratio of about 1.1. Retrorockets were incorpor-
ated for decreasing the vertical velocity to less than
5 tps prior to impact and for timiting the landing de-
celeration to less than 5 g's. The need tv compensate
for winds up to 50 fps with this low L/D parachute,
resulted in 3 high vertical velocity that could not be
overcome with a flareout maneuver. The solution was
a rocket with a two step thrust level and a ground
feeler for rocket initiation. The first thrust level

decelerated the vehicle to near zero vertical velocity '

above ground. The second thrust level, with a thriist
slightly below vehicle weight lowered the capsule
gently to the ground. This approach permitted large
variations in weight and landing altitude. The landing
system, including a flight control mechanism, a visual
and electronic on-board landing reference system,
rockets and the total installation, was developed to a
status where the system couid have been used for the
Gemini spacecraft, if required.

Apoilo Crew Module Earth Landing System. The
operational requirements for the: Apoiio Earth land-
ing system were defined by the mission concept and
" environment, that af landing on the moon surface
and returning sa‘ely to Earth. NASA defined a prob-
ability figure for a successful mission which in turn
established reliability requirements for all subsystems,
and components. This approach was reflected in the

following ground rules and design criteria:

Water landing was the primary.landing mode, and
emergency land landing should not cause major
injury to the astronauts.
"All mission aborts were operational modes and
required back-up systems,

The primary landing systern consisted of one
drogue parachute and two main parachutes,
backed up by one.drogue parachute and one
main parachute. .

No single component or subsystem failure should
cause {oss of crew or mission.

Single failure such as loss of one drogue or one
main parachute should be considered. The prob-
sbility of double failures is below the relisbility
threshold level, -

The parachute landing system reliability had to be

equal to or better than 0.99996.

Components that control active functions such as

barostats had to be designed for prevention of

non-functioning as well as prevention of premajure

functioning.

A minimum factor of safety of 1.35 had to be

proven in ultimate load tests for all parachute
" stages. ’ ‘

All parachutes should be independently deployed

and should use active depioyment means.
Some of these rules'did not apply at the start of the
program, but evolved as the landing system progress-
ed through three crew module development stages.
These were Block | with a weight of 8200 and 9500
pounds, Block |l with'a weight of 11,000 pounds,
and Block 1 H (improved capability), a final version
after the crew module fite with 13,000 pounds.
DNespite the ircrease in crew module weight, there was
no inurease in the total parachute load that could be
applied to the command module structure, and no
incregse in storage volume for the parachute system.

The Apollo parachute system, as described in
References 27 and 28 , is likely the most thorough-
ly engineered and tested parachute system ever used.

The sequence of deployment for normal reentry

landing is shown in Figure 1.10. The forward heat-
shield of the crew module which surrounds the air-.-
lock and protects the parachute instaliation, was
ejected at an altitude of 25,000 feet by barostat
signal. The heatehield was lowered by parachute at
a slow rate of descent to prevent recontact with the
command module. At 1.6 seconds after heatshield
ejection, two reefed 16.5 ft diameter drogue para-
chutes were mortar deployed and disreefed after six
seconds. One drogue parachute constituted the
primary system, the second drogue was a back-up
parachute but was simultaneously deplcyed to simpli-
fy drogue parachute failure sensing the main para-
chute deployment, At 10,000 reet al2itude, both

. drogue parachutes were disconnected by barostat

18

signal and three 7.2 ft diameter ringsiot pilot chutes
were mortar ejected normal to the command module
main axis. The pilot chutes extracted the three reef-
ed 83.5 ft diameter Ringsail main parachutes which
were disreefed in two steps after six and ten seconds.
Oniy two parachutes formed the primary system, but
the third (back-up) parachute (deployed simuitaneous-

‘ly for simplicity reasons), also provided a lower water

entry velocity. Parallel fully automatic sequencing
systems were used for all deployment functions with
an astronaut manual override as back-up. The astro-
nauts could deploy the drogue parachutes above
25,000 feet altitude in case of command module

v
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Figure 1.10 Apolio Recovery System Deployment For Normal Landing

stability problems. Parachute disengagement after
fanding was strictly upon astronaut command.
The command module was lifted off the booster
by the launch escape rockets. A time controlied
deploymant sequence was used for pad-abort, and a
time and barostat controlled: sequence for high alti-
¢ ' tude abort . '
‘ The design and instaliation of the final Block H H
parachute system was critically affected by the sixty
percent growth in command module weight, the

large forebody, the required protection against re-
entry hea‘ing jand the extreme pressure packing
requirements. The final parachute system is shown in
Figure 1.11 and detailed in Table 1.2. The total
recovery system: weighi including morta.s, risers and
deployment bags for the two drogue and three main
L parachute systers was 573 Ibs. The following recov-

ery system characteristics are of spacial technical
interest. IR

o . N
L . . . N

command module instability, the wake effect of the

Riser Heat Protection and Attachment Starting
with Block if, it was concluded that the docking
tunnet of the unstable command module could
contact the drogue, pilot and main parachute risers.
Steel cables were substituted 'for the lower portion of

all three risers. Stowing the steel cables in the mor- .

tars and avoiding cable kinking was solved by use of
. flexible four-ply steel cables for drogue and piiot
parachutes, pre-twisting them and casting them for
. stowage in_ lightweight foam which shattered at
deployment. All drogue and main parachute risers

were individually attached to the command module

in ‘the so-called .flower pot.; Cutting of individual
cable wires on the seams of the titanium flower pot
was avoided by wrapping all cables with lead tape.

Parallel and series redundancy was used in the
sequencing cystem, the reefing system and certain
propelldnt activated functions. The two sequencing

systems that controlled automatic parachute deploy-

ment contained two barostat units each for drogue
16 '
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TABLE 1.2 -APOLLO PARACHUTE SYSTEM DATA

Item . Units Drogue Parachute " Main Parachute
3 Number _ 2 ‘ : 3
: Diameter (D, {f) 16.5 835
Type 25° ' Ringsail
Conical ribbon
No. of gores/lines 20 _ 68
Line length ratio (1/D,) 20 148
-Strength of lines (Ibs) 2500 . " 650
Porosity . (%) 224 . . 125
% Reefing : , 1 step . 2 steps
: Reefing (D /Dyl 428% 8.4% (mid-gore)
24.8% {mid-gore)
Drag area, iull open {f12) 114 4200
Parachute assy. weight _ (ibs} 49.86* ' 136.5**
- Design dynamic pressure max  {psf) 204 a0
;' - Dynamic pressure min  (psf) 10 . . 30
F . Deployment altitude ' (1) 3000-40,000 2500-18,000
" .Limit load {1bs) 17,200 22,900

* inciudes mortar and riser
** includes riser

parachute and main parachute deployment. For each

* in paraliel; this protected against premature opera-
xion and ensured functioning at the right altitude.
Dual independent reefing lines with two cutters each
were used for the drogue parachute and the first
reefing stage of the main parachute. This assured
cutting of the lines at the proper time and protected
aqainst catastrophic parachute failure caused by pre-
raature ‘'severance of only one reefing hine. No dual
lines were required for the second reefing stage of the
main parachute since premature severance would not
have caused a catastrophic parachute failure. All
propellant units used dcuble initiators actuated by
both sequencing systems. i '

four quadrants surrounding the center airlock. Heat
protection required that a one-inch gap be maintained
between the parachute packs and the forward heat-

)
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step, four barostats were used, two in series and two

The main parachutes were installed in three of the’

17’

T e i) st o R Mo

" {Reefed open) (Stage 2 reefed open)

'

shield. This space penalty coupled with the increased
parachute weight and volume due to the command

_module weight increase, caused, major packing prob-

fems. The final solution included stair:less steel reef-
ing rings and cutters to avoid bending, protective
layering to prevent damage to the parachute cloth,
stepwise packing of canopies, lines and risers with
associated vacuum suction to remove entrapped air,
Teflon powder lubricants, a one-week packing time
and X-ray inspection of each pack. The packed para-
chute was then stowed under vacuum in a wooden
form duplicating the parachute stowage compartment
and wrapped with two layers of plastic film. These
measures solved the packing problem but greatly
increased packing time and cost.

Extensive textile material,tests were conducted at
a 1078 torr’ vacuum combined with duplicating re-
entry pressure rise and temperature conditioning.
The strength degradation due to vacuum was below
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Figure 1.11 Apollo Drogue And Main Parachute Assemblies

five percent. This was less than the degradation caus-
ed by the i65°F temperature due to reentry heating
and the unexpected heating of the outside of the
main parachute deployment bags due to airflow from
the-hot rear heatshieid.

The Apollo parachute landing system effort was
the largest of all U.S. parachute recovery system
development programs. |t resulted in fifteen consecu-
tive, syccessful manned landings, eleven for Apollo,
three for Spacelab and one for the joint U S.-USSR |

‘Apollo~So\yu1 flight.

Booster Recc;vefy

Recovery of boosters has been extensively studied
since the days of WAC Corporal and, the Redstone

" rocket and some attempts were started but never com-

pleted. More than 100 reports have been published

on booster recovery studies of vehicles up to NERVA '

size with recovery by ballistic parachutes, gliding
parachutes, hot air balloons, retrorockets, wings and
about every other conczivable means. More serious
studies included recovery of the first sta 2ge Minute-
man booster and the Saturn SI-C boosters

Spacs Shuttlc Requirements. The first decision to
recover a booster for reuse was made when the

National Aeronautics and Space Administration estab-
lished the Space Shuttle program and included a re-
quirement for recovery of the solid rocket boosters
In initial feasibility studies, liquid propellant boosters
in the 500,000 Ib class were considered, but in 1972
NASA decided on two solid propellant rockets for
first stage boosters.

The Space Shuttie System consists of three major
components: the Orbiter, the External Tank contain-
ing liquid oxygen and liquid hydrogen for the orbiter
engines and two Solid Rocket Boosters (SRB) strap-
ped to the outside of the External Tank. The Space.
Shuttle is launched at the Kennedy Space Center
(KSC) in Florida from a vertical position and fires

. simultanecusly, the main Orbiter engines and the
SRB's, whose thrust is programmed by internal design.
Burn-out of the SRB occurs after 122 seconds at
an altitude of 140,000 feet at a speed of approxi-
mately 4400 fps at a trajectory angle of 28 degrees
to the horizontai. Booster separation is accomplished
with separation rockets. The empty booster shells,
weighing approximately 175,000 Ibs each, reach an
apogee altitude of 200,000 feet and reenter broad-
side, decelerating to subsonic speeds. Parachute
recovery is initiated at approximately 16,000 feet.
The recavery system is designed for a water entry
velocity of 85 fps. The boosters and the main recov-
ery components are recovered by ship, transported

18.




back to the launch area and refurbished for reuse.
NASA is aiming at twenty launches per booster and
ten to twenty flights per recoverv system.

Recovery .System Operatiun and Design. Figure

1.12 shows the Solid Rocket Booster recovery

sequence31 . A command from the Orbiter prior to
booster separation, arms the recovery system and two
altitude switches. The booster descends into the
lower atmosphere in a nearly horizontal attitude. At
16,000 feet altitude and a dynamic pressure of 190
psf, the first altitude switch initiates thruster ejection
of the small nose cap of the booster. Separation of
the nose tap deploys an 11.2 ft diameter conical
ribbon pilot chute stored below the nose cap. Force
from the fuliy inflated piiot chute opens the drogue
parachute retention straps and rotates the droguc
parachute deployment bag from its mounting on the
deck of the nose frustum. The pilot chute then de-
ploys the 54-ft diameter conical ribbon drogue para-
chute in its first reefed stage. The reefed drogue para-
chute starts the rotation of the booster into an axial
alignment with the relative airstream. After seven
seconds, the drogue parachute opens to its second
stage, and disreefs fully after twelve seconds.

At a nominal altitude of 6600 feet, a second alti-
tude switch initiates separation of the nose frustum
from the booster body by means of a linear shaped

\u i A, e s s

charge. The drogue parachiute pulls the frustum away
from the booster and deploys three, 115-ft diameter
conical ribbon main parachutes. These parachutes
disreef in two stages after ten and seventeen seconds
each. The configuration and dimensions of all three
parachute assemblies are shown in Figure 1.13 and
are listed in Table 1.3. Each deploying main para-

" chute pulls a foam plastic float and a seif-floating

location aid unit-from the deployment bsg. These
devices are attached to the parachute apex with
energy absorbing lanyards.

At water impact, six attachment fittings that
connect the three main parachutes to the booster
body, two per parachute, are disconnected and the
parachutes descend to the water. The parachute sus-
pension lines are pulled down by the metal discon-
nect fitting until each parachute is suspended vertical-
ly from its float. A reefing cutter separates the loca-
tion unit, containing an RF beacon and a strobe light
from the parachute float; however, the location unit
remains tethered to the float. During the first actual
booster recoveries, NASA will investigate a method
where the main parachutes remain tethered to the
boosters. The drogue parachute hanging on its own
float, remains tethered to the self-floating nose frus-
tum which has its own RF beacon and strobe light
attached to the top of the frustum. The booster
which floats seventy-five percent emerged in a vertical
position, also is equipped with locgtion gear.

yd Booster Apoges at 200,000 ft.
/ /’-0-\\.\ ‘
~ ~
/ 4 \\ H = 16,000 q = 130 psf
7/ Booster Descent 37 Pilot Parschute Deployed
/ % Booster Burn-Out \ Drogue Perachute
// H = 140,000t \
T = 122sec. /
- Drogue Perschute Opens
[7 V= 44000 \\ ey |
| 7 \ H = 8600ft.
3 Main Parachutes
I Deploysd
ﬂ Booster, 3 Mein Perschutes,
~— 1 Frustum snd Drogue
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TABLE 1.3 SOLID ROCKET BOOSTER RECOVERY PARACHUTE DATA

Parameter Pilot Chute Drogue Chute Main Parachute
Number of parachutes ) : 1 . 1 ' 3
Type v Conical ribbon Conical ribbon Conical ritbon
Diameter D, foet ~ ~ 16 | 54 ‘ 1s
Number of lines - 16 60 96
Length of lines, ¢, feet : . 18 - 1005 D 132
Number of risers 1 12 : 8
. Length of riser, t,, feet - .32 45 40

Trailing distance ratio, X/Dj, (1) ' 288 . 6.05 : 991

f © Weight of parachute, lbs 274 112 1502 each

' Weight of parachute assembly, Ibs(2) . - 386 1224 1656 each .

(1) Dp = Maximum forebody diameter, X = distance between canopy leading edge and forebody trailing edge
{2) Includes flotation foam blocks but not location units.
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Retrieval, Refurbishmentand Reuse Considerations.-

The booster with main parachutes and the frustum
with the attached drogue parachute enter the water
approximately 120 to 140 miles off the Fiorida coast
within a dispersion ellipse of approximately nine by
six miles. The recovery crew; waiting outside the dis-
persion ellipse, I<cates the booster floating upright in
the water and closes the rocket nozzle with a plug.
The water inside the booster is replaced with com-
pressed air, which causes the booster to change to a
horizontally floating position. The floating booster is
then towed to the Kennedy Space Center and lifted
from the water by crane. The seven sections of the
. booster, the nose section, the four rocket propeftant
sections and the nozzle section with the thrust vector
control mechanism, are disassembled and prepared
. for refurbishment.

The main parachutes, floating vertically in the
water, are wound on drums. The drums with the
main parachutes, and the nose frustum with the
attached drogue parachute, are taken aboard ship and
returned to the KSC. The parachutes are brought to
the “defouling area”, attached to an overhead mono-
rail, straightened out and pulled into wash tubs.
Washing is accomplished by recirculating regular tap
water and moving.the parachutes until the water salt
content is below 0.5 percent. The parachutes are
then removed and placed in forced air dryers where

air, at 160°F, is circulated through the parachutes for .

several hours. Thereafter, parachutes are inspected,

repaired as necessary, and relteased for repacking. No -

precise procedures for inspection, rejection or accept-
' ance have been established at this time.

Special design considerations for ten to twenty use
cycles have included analysis of aircraft landing decel-
eration parachute procedures. These parachutes are
used as many as twenty-five to fifty times. A total
design factor of 3.0 was established for- all parachute
components, which -include the factor of safety and

all degrading factors such as seam connections,

fatigue, humidity, etc.

EMERGENCY RECOVERY

- Recovery systems which enable emergency-escape

of crewmembers from disabled aircraft encompass a

wider operationsl envelope of initial conditions than
any other recovery system, with the possible excep-

‘. tion of manned spacecraft. Primary trainers, aircraft

capable of verticel take-off and landing (VTOL) and

helicopters operste in the low speed and low sititude '

~

il

region of the emergency escape envelope. The medi-
um velocity range is covered by cargo, patrol and
aerial tanker aircraft. In the high subsonic and super-
sonic range, advanced trainers, bombers, fighters and
special aircraft extend the escape envelope require-

_ment to dynamic pressures in excess of 1200 psf,

speeds beyond Mach 3.0 and altitudes above 80,007
feet. Escape systems consist of muitiple subsystems
which eject the crewmember from the aircraft, pro-
vide for stabilization and deceleration, effect man-seat
separation (when applicable} and obtain final descent
by a single or multiple parachute.

Five different modes of emergency escape are
defined:

(1) Bailout, where the crewmember leaves the air-
craft under his own power by means of a door,
escape hatch or over the side, and uses a man-
ually or automatically opened personnel para-
chute for landing.

(2) Tractor rocket extraction, where the crew-

" member is pulled from the seat and out of the

aircraft by a tractor rocket (Yankee System);

- the personnel emergency parachute opening is

initiated either manually or by automatic con-
trol.

(3) Ejection seat where the crewmember is cats-
pulted from the aircraft and propelied upward
in the rocket boosted seat. One or several
parachutes are used sequentially to stabilize
the seat. After man-seat separation, an auto-
matically deployed personnel parachute low-
ers the crewmember to the ground.

(4) Encapsulsted seat, where the crewmember is
catapulited and rocket ejected from the asir-
craft in an encapsulated sest, stabilized by a

" droyue ‘parschute and ae-odynamic means,
and lands in the encapsulated seat using #
large final descent parachute and ground
impact attenuator.

(5) Crew module, where the entire aircraft crew
escapes in a module which forms part of the
aircraft. The module is separated from the sir-

. craft by solid propellant or mechanical means,
-rocket ejected, stabilized by parachutes snd
other drag devices, and lands with the crew in-
side the module using a large single or cluster

: of parschutes and a ground impact attenus-

 tion system. o
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Reference 32 suggests certain applications (speed/
altitude) ranges for the various escape systems de-
scribed above. .

Parachutes are major components of escape sys-
temns, but have to be integrated with other subsystems
to form the total recovery system which in turn has
to be integrated into the air vehicle. In this section,
requirements for design and application of emergency
personnel pacachutes, and parachutes for escape
sytems are discussed, followed by descriptions of
representative systems.

Requirements ,

Emergency escape syStems are designed to meet
the following criteria: the aircraft crewmember rmust
survive emergency escape in a condition suitable
for him to aid in his own survival. References 33, 34
and 35 provide general requirements for emergency
escape systems.

These escape criteria establish the following para-
chute requirements:

reliability of parachute operation,

fast parachute opening,

low parachute opening forces and ground impact

stresses within the physiological limitations,

low parachute oscillation,

" persornel harness with comfortable fit and good
ioad distribution,

parachute quick disconnect for landing, donning
the harness and for aircraft ingress and egress,

low vyeight and volume of the parachute assembly
and ease of maintenan-e and service,

Desirable requirements include:
low cost,
canopy collapse aftér water landing, and

suitability for long time storage, fong repacking -

interval and compatible with a wude spectrum of
operatioial environments,

With the exception of reliability, the above reqqire-
ments are not recessarily in the order of importance,

Reliability. The fact that operational reliability of
8 crew escape system parachute is the number one
priority is self-explanatory, For aircrew escape, para-

chute operation in the wake of a large, unstable, fore-'

body must be reliable after deployment has been ini-
tiated within a wide speed and altitude range.

22

Fast Opening. An emergency escape parachute
should open rapidly at low speed to maximize crew-
member survival. Numerous design approaches have
been investigated including pull-down-vent lines, para-
chute canopy ballistic spreaders, stepwise disreefing
and other methods in. order to achieve these perfor-
mance characteristics in a single design. Each of these
techniques has brought improvements in certain areas
but introduced problems in others,

‘Lew Opening Force. The total canopy opening
process should provide low snatch force as well as
low canopy opening force. Parachute force applica-
tion to the human body is 8 complex process and
involves magnitude of force, force duration, force
onset rates, direction of force and the combined
effect of deceleration in three orthogonal planes. In
addition, a free falling human body has a different
response to applied forces than a body restrained in a
seat or a crew module. References 39 ‘and 40 . con-
tain comprehensive coverage of the biological and °
physiclogical aspect of flying and escape.

Low Rate of Descent. A sea level rate of descent

.of 20 fps for a 200 Ib man or a 24 ¢ps vertical veloc-

ity for a 98th percer.tile man and equipment (295 Ib
weight) are the accepted standards. However, a lower -
rate of descent is always welcome if it can be obtain-'
ed within the permissible weight, volume and para-
chute force and opening time limitations.

Parachute Oscillation. A 20 degree oscillation is
currently considered as an acceptable maximum
amplitude. Present trends are to tighten this require-
ment for personnel parachutes. Escape systems that .
use ground impact attenuation systems require that
osciallations be less than 10 degrees from vertical.

Malfunction Prevention. Such malfunctions as
canopy inversions can adversely effect rate of descent
and cause canopy damaqe

Comfortable Harness Fit and Load Distribution.
Parachute harnesses are worn for many hours and
should be as comfortable as feasible without com-
bfomising integrity. This is sometimes detrimental to
a good parachute load distribution in the harness
which encourages dissemination of the load over a -
wide body area.




Parachute Quick Disconnect. After landing, a
means of rapidly disconnecting the parachute from
the crewmember is required to prevent dragging in

high surface winds across ground or water. Quick-dis- -

connects are also used for connecting the crewmem-
ber to a personnel parachute that is part of an ejec-
tion seat and for quick egress from the seat in case of
ground emergencies. A single point quick-disconnect
that serves all these applications can have significant
advantages. ’

. Low Weight and Volume. Weight and volume
affect pilot comfort and mobility, escape system
volume and aircraft design.

Ease of Maintenance and Service. The repacking
cycle for personnel parachutes and the complex main-
tenance of explosive components sequencing and
separation systems can affect the irn-service-time of
aircraft. Long time storage, long repacking intervals,
the need for elaborate inspection and packing equip-
ment and insensitiveness to the aircraft and opera-
tional environment are some of the requirements that
affect the maintenance of personnel parachute and
escape systems, .

Canopy Collapse after Water Landing. Crewmem-
bers that and in water during high surface winds may
not be able to move their arms forward against water

resistance to actuate the canopy disconnects. This

can result in drowning. A fully automatic water ac-
tuated canopy disconnect or other automated means
of canopy collapse is desired.

Personnel- Emergency Parachute Types .

' The Parachute Board of the U.S. Air Service

in 1924 introduced a 28 ft diameter flat parachute
canopy with 28 gores and suspension lines as the inte-
gral part of personnel emergency parachutes for air
crews. This parachute in modified form still is in use
today by military services as a personnel emergency
parachute.*? Generally known as the C-9 canopy,
it has withstood all attempts to replace it with &
“better.’ parachute as a general application item. The
outstanding characteristic of this parachute is its relia-
bility of opening under adverse deployment condi-
tions. ' '
‘Numerous modifications of the C-9 parachute have
been tested or introduced into service to obtain speci-
fic improvements, - -

Quarter Bag. A small deployment bag, called a
quarter bag, encloses the skirt of the canopy and
incorporates stowage of the suspension lines on the
outside of this flat bag in stow loops. At parachute
deployment the pilot chute ejects and pulls the
canopy, with its skirt enclosed in the quarter bag,
away from the parachute pack and removes the sus-
pension lines from the stow loops on the outside of
the quarter bag. This keeps the mouth of the canopy
closed until line stretch occurs. Use of the quarter.
bag results in beter control of canopy opening, lower
opening forces and a slightly higher operational speed.
A different parachute pack is used with the quarter
bag than when a quarter bag is not usad.

Canopy Spreader. The U.S. Navy has developed
and put in service the “Bailistic Spreader Gun.” This
is a propellant actuated device held at the skirt level
inside the parachdte canopy. At line Stretch, small
weights attached to each suspension line are fired rad-
ially outward to about 1/3 of the inflated canopy dia-
meter. This creates an instantaneous mouth opening
of the canopy and resultant faster canopy inflation.
Canopy inflation time at low speeds is decreased by
about 25 percent, with little change in inflation time
at high speed. Use of the canopy spreader produces
higher parachute opening loads at low speeds. The
canopy spreader is installed in most Navy ejection seat

parachutes with the exception of the seats instailed

on T-33 and OV-10 aircraft.

Pull Down Vent Line. To obtain faster low speed
C9 canopy inflation the U.S. Air Force and Navy

_have tested and put in service a pull down vent line.

42,43,44,45 . This line attaches to the two rear
risers and to the inside of the canopy vent. This line
pulls the vent of the inflated parachute down to

" slightly above the level of the skirt. The intent is to
. achieve a resultant shorter inflation time and dis-

tance. A vent line weak link normally breaks before
full canopy opening depending on the air speed mag-
nitude. o ,

Four Line Release System. The USAF has adopted

“the "Four Line Release System.” 48 After the crew-

member has a fully inflated parachute, he disconnects
four suspension lines. This causes a vent at the skirt

of the parachute through which entrapped air escapes
' radially thereby creating a reaction force and glide in
the opposite direction. Gliding stabilizes the para-

=




chute and slightly decreases the vertical velocity. The
latest design uses a daisy chain arrangement which dis-
connects four lines, numbers 1, 2, 27 and 28. Daisy
chain disconnect lanyards are attached to lines 3 and
26 which can be used for steering the parachute. De-
creased oscillation and increased maneuverability are
the primary benetits. Control of the parachute glide
provides a means of avoiding ground obstacles and
turning into the wind prior to landing.

Water Dsflation Pockets. The U.S. Navy has devel-
oped “Water Deflation Pockets’ for collapsing para-
chutes that are dragged through the water by high
surface winds. 47: 48 These pockets are attached
on the outside of alternate gores at the skirt, with the
opening opposite to the direction of fiight. In case of
water dragging, the pockets on the water surface will
with water and collapse the parachute.

Other Personnel Emergency Parachutes. In the last
25 years the services have made several attempts to
develop an improved personnel emergerncy parachute.
Several designs have been introduced but have not
survived. Their superiority in certain areas was always
overshadowed by shortcoinings in other areas limiting
their general usefulness, '

Conical 26 Ft Personnel Parschute. The U.S. Navy
in the late 1950s developed 3 26 foot diameter solid
conical parachute.‘9 The parachute had less weight
and volume and was slightly more stable than the C-9
parachute. However, it had a higher rate of descent
and higher opening loads. It is still in service in the

Navy NB-8 parachute assembly used with the C-1A

aircraft

Skysail. A personnel version Gf the Ringsail para-
chute, 29.5 feet: in diameter, was testec and used in
service by the U.S. Navy.59 Its pro's and con’s were
quite similar to the Guide Surface personnel para-
chute. . .

The U.S. Army T-10 parachute is used in one
USAF ejection seat application, and British design
parachutes are ysed in several Martin-Baker ejection
seat models. Numerous other parachute designs were
tested for personnel parachute applications but were
never put in service including the Disk-Gap-Band
parachute 8 | the Star parachute 52 , the Cross para-
chute 33 and a parachute of stretch fabric % . None
of these parachutes satisfactorily met the stringent
requirements of personnel emergency escaps.

24

A list of C-9 parachute modifications and the para-
chutes temporarily used as replacement and later
removed from service indicate one fact. The Services
are still seerching for a personnel emergency pars-
chute with less weight and volume, a low rate of
descent, faster opening at low speed .and acceptable
opening loads. The parachute must be as reliable for
deployment from adverse conrditions, and as easy to
maintain and repair as the “old reliable’’ C-9 para-
chute. J

Most emergency personnel parachutes used by the
Armed .Services use the canopy-first deployment
method. The paracnute pack is opened by manual or
cutomatic ripcord pull. This frees a spring loaded 36
inch diameter pilot chute which ejects itself into the
airflow and deploys the parachute in a canopy, sus-

pension lines and riser sequence. |In order to provide
deployment control, the U.S. Air Force has ysed skirt -

hesitators, and is now using the quarter-bag deploy-
ment method ior high speed and most ejection seat
applications.

A typical personnel parachute pack consists of a

bact. panel with for.: ‘laps that enctose the canopy
and pilot chute. Th: ‘laps are frequently closed with

three or four canes and pull pins. Pull of the ripcord -
extracts the rins. The spring ioaded flaps open and -

the pilot chute ejects. Onc USAF high speed person-
nel parachute uses a two pin smooth pack (BA-18) in
connection with the quarter deployment bag. ,

All ‘personnel parachutes used for emergency
escape use an automatic parachute pack opener. This
device incorporates an aititude limiter that prevents

‘automatic parachute opening at altitudes above

14,000 to 15,000 feet and a time delay to orevent
opening at speeds in excess of 200 knots. ~ne well
known F-1B spring actuated. automatic : -achute
ripcord release is being replaced in ali -ilitary
personnel parachute assemblies with a ca: trict actua-
ted automatic opener known as FXC moc¢ 7000
and 11000. "

Table 1.4 lists U.S. Air Force rersonnei emer-
gency parachutes and Table 15 ‘ists US Navy
personnel emergency parachute< more detailed
listing of parachutes and what s used in what
aircraft can be found for the Air Forca in Reference
88, and for the Navy in Reference 68 . In U.S,
Army helicopters, liaison and reconnaissance sircraft,
Air Force style'parachutes are used.
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Ba'lout

All personnel flying military aircraft without
mechanical escape means lejection seats, rocket ex-
traction systems, crew modules) use personnel para-
chutes for escape in case of emergencies. Aircraft so
classified " include the C47, C-117, C-121, C-130,
C-141, cargo type aircraft, KC-135 tankers, T-29,
T-28, T-34, T-39 trainers, all helicopters and liaison
type aircraft. The exceptions are military multi-en-
gine air transport flights; passengers on these flights
are not required to wear personnel parachutes. De-
pending on the type of aircraft, the mission flown
and the work to be performed during the mission,
personnel will use back or chest type parachute
assemblies. A parachute assembly includes the para-
chute, the pack and harness, and may include a sur-
vival kit, life raft and other equipment. Ail parachute
assemblies used by Army, Navy and Air Force for bail-
out incorporate a 28 ft diameter solid flat circular
parachute (C-8) or the 26 ft conical parachute, '

Ejection Ceats

The idea of ejecting crews from disabled aircraft
was advanced in the late 1920s. Ejecting aircraft
crews solves several escape probfems. it permits crews
to leave aircraft that fly at high speeds or are in high
deceleration spinning or tumbling motions, It protects
the crewmembers during exit from contact with the
aircraft and provides for safe escape from low speed
ground level emergehcies. The first operational ejec-
tion seat was introduced near the end of World War {1
in the German night fighter, He 219. it immediately
exposed soma general ejection seat problems. Ade-
quate seat trajectory height was required to clear the
tail of the aircraft. Stabilization of the seat in pitch
and yaw was necessary immediately after ejection, as’
well as proper man-seat separation; fast main para-
chute opening at low speeds and low altitudes was
essntial, A small drogue parachute was used for seat
stabilization and mechanical means were empioyed
for man-seat separation and fast depioyment of the
main parachute. - . i

When aircraft speeds increased in the early 1950s,

protection of the seat occupant againet certain conse--

quences of wind biast became a problem which was

one of the reasons for development of encapsulated -

seat and crew modules,

Seet Stabilization, Unmodified ejection seats are -

aerodynamically unstable in pitch, yaw'and roll,

Attempts at inherent aerodynamic seat stabilization
have only been partiallv successtul necessitating aug-
mentation with drogue parachutes. The drogue para-
chute should be of sufficient size and its bridle of
proper design to provide stability in pitch and yaw.
Properiy designed drogue parachutes can damoen but
can not eliminate rofl. Operational ejection seats have
drogue parachutes ranging in drag area from 7 to 24
sq-ft with 9 to 18 sqg-ft being the average drag area.
Drogue parachutes are effective for seat stabilization
at speeds above 200 to 250 knots, but are not always
sufficient at fower speeds. They are sometimes aug-
mented in the low speed range by such stabilization
systems as STAPAC and DART. Stabilization of the
occupied seat during descent from high altitude re-
quires 3 minimum effective drag area of approximste-
Iy 10 sg-ft for stability in pitch and yaw. A swivel
may be required to prevent parachute induced rota-
tion of the seat or wrap-up of suspension lines. The
opening forces should not exceed human tolerances
and the drogue should open as rapidly as possible in
order to be effective as soon as the seat clears the air
craft. Most drogue parachutes are either drogue gun

or mortar deployed to facilitate fast and positive

deployment. A small extraction parachute for drogue
‘parachute deployment is sometimes used. One system
uses a small rocket to directionally deploy the drogue.

Main Parachutes. AWl U.S. manufactured seats,
with one exception, use the 28 tt diameter C-9 per-
-sonnel parachute assembly. The Martin-Baker, Mark
10, seat proposed for the Navy F-18 aircraft uses a
British Aeracanical parachute.37  Parachutes  used
with ejection seats should provide fast inflation at
low speed, limit the opening force at high speeds to
avoid parachuite damage and injury to the occupant,
“support high speed transfer ‘from drogue to main

parachute and provide low rate of descent and stabil- .

ity at landing. Pull down vent lines and spreader guns

described in the previous section are used by Air’

. Force and Navy to obtain fast parachute'inﬂation in

low speed ejections. Main parachute opening speeds

are limited to 225 to 250 knots for the altitude range
of zero to 15,000 ft. An "Advanced Concept Ejec-
tion Seat’”’, ACES I, uses a reefed main parachute

which increases the transfer speed by approximately

S0 knots; this shortens the time on drogue parachute.’

Descent and landing is handled in detail in the pre-
vious discussion of the C-9 parachute.

Deployment of the ejection seat personnel para-
chute occurs by either drogue parachute extraction,
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pilot chute extraction, independent mortar deploy-
ment or by a lanyard-to-seat system. Deploying the
personnel parachute with the drogue’ parachute still
attached to the seat and jettisoning the drogue para-
chute 3as soon ac the personnel parachute becomes
force bearirg (line stretch) is a preferred method
since it maintains seat stability during the drogue
parachute to personnel parachute load transier. Latest
seat designs use ‘only the force provided by the open-
ing personnel parachu_te to extract the man from the

seat.

ACES Il Parachute System. The “ACES l1” is a
typical modern ejection seat and will be used in such
advanced USAF aircraft as the F-15, F-16 fighters,
the A-10 support aircraft and will be the escape
system for the E-1 aircraft, starting at aircraft Serial
No. 4.

The parachute system for the ACES Il seat con-
sists of a drogue parachute assembly and a reefed 28 ft
C9 paracnute assembly. 58.58 1 the high speed
mode, as soon as the upper part of the ejection seat
leaves the rails, a 2.0 ft diameter Hemisflo ribbon ex-
traction parachute, drogue gun deployed with a 1.0 Ib
slug is launched to, in tur, extract a 5.0 ft diameter
Hemisflo drogue parachute. At 1.17 seconds after
ejection initiation, the reefed 28 ft C-9 parachute is
catapult deployed from the seat. Approximately fif-
teen-hundredths of a second later, when the 28 ft
parachute becomes force bearing {line stretch), the
drogue parachute is jettisoned. The occupant is dis-
connected from the seat at 0.1 seconds after drogue

“disconnect and pulled away from the seat by the

inflating main parachute, The 1.15 seconds reefing
delay is actuated at main parachute ejection {not at
parachute line stretch). As a consequence, at low
speed deployment, full raefed inflation is obtained at
approximately the time of disreefing, thus causing no
delay in main parachute inflation. Deploying the
parachute at its maximum speed of 250 £ 25 knots

_causes a 0.6 second reefed opening delay of the fast

inflating parachute and a resultant decrease in maxi-
mum parachute force. In case of catapult maifunc-
tian, the main parachute is deployed by the pilot
chute released at seat-man separation with the reefing

cutters initiated in the conventional way, with fan-

yards attached to the suspension lines.

Operation of the ACES 1| seat is controlled by a‘

three-mode sensing and control system, (see Figure
1.14.. In Mode 1, the low speed operation, covering
the range below 250 knots and altitudes below

16

12

A I
. ' \\ Mode 3
N

. \ \

0 100 200 300 400 500 600 700
Airspeed KEAS

Figura 1.14 Aces I/ Operatian Mode Zones

Pressure Altitude 1000 Ft

15,000 feet, the drogue parachute is by-passed and
the main parachute is deployed 0.2 seconds after seat
ejection . (see Figure 1.15 ). Man-seat separation
occurs at 0.25 second thereafter with full main para-
chute inflation occuring in approximately 1.8 seconds.

Full Inflation
1.80

Sest-Man Relssse Actvated
0.45

- :
TN

~

», -
Perachute Fired ﬂ‘
020 \ﬂr‘
<
" Catapult Initiation

t = 0.0%c
Figure 1.15 Aces i1, Mode 1 Operation
A rocket, gimballing in one axis and slaved to a gyro,

is, used ta control the seat in pitch, and is kno -
the STAPAC system. At speeds above 250 knots, .¢

At ejectian, above 15,000 feet Mode 3 is used. his .
deploys the drogue parachute immediately as in Mode
the crewmember in the seat and delays
ation and main parachute deployment
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Figure 1.16 Aces I/, Mode 2 Operation

by the drogue parachute for bailouts above 15,000
feet is used in many modern ejection seat systems,
and was used on the Gemini spacecraft backup ejec-
tion seat.

The ACES Il three-mode operation is zontrolled-

by two pressure sensors attached to the seat and
coupled to an electronic sequencer, The ACES 11 seat
also uses electrical signals for sequence control in-
stead of the conventional mechanical-explosive com-
ponent signal transmission, This has a distinct advan-
tage with regard to redundancy, check-out, weight
and volume, and performance variations due to temp-
erature variations; however, it needs its own power
supply.

Other modern ejection seats besides the ACES I1
seat include the Stencel Stil-series seats the Lock-
heed seat used in the SR-71 aircraft®? and the 3ri-
tish Martin-Baker Mark 19 seat.

Tractor Rocket Escape System-

The tractor Rocket Escape System (Yankee Sys-
1em)62 uses an upward fired rocket to pull the pilot
or crewmember out of the seat and,away from the
aircraft,
mary components of the system are “He seat, the
parachute backpack assembly, the tractor rocket sys-
tem and the control and monitoring system. The air-
craft seat upon ejection command moves upward in
the aircraft to a point where it assures proper exi: of
the seat occupant from the aircraft. The drogue chute
and main parachute, a head rest, the inertia reel,

_ pilot restraint system and_ the survivat kit form a unit

attached by means of a back board to the pilot. The
tractor rocket is attached to the pilot with a connect-
ing towline. Upon ejection command, the pilot is
restrained in the backpack by the inertial reel harness,
the aircraft canopy is removed, the tractor rocket and
the seat catapult are fired. The extraction force grad-
ually increases to the equivalent of 12 g's and pulls
the man from the aircraft and out of the upward
moving seat which remains in the aircraft. At low

‘speed, a pilot chute immediately degloys the main

parachute. At higher speed, a time and barostatic
contro! unit delays the pilci chute deployment of the
main parachute until the speed has decayed to

. Canopy Inflated .
Survivel Kit Parachute Line
Reiessed Stretch .

Terminal Velocity ‘
Raft Inflared

Q \.\an

LOW SPEED MODE

hrlehuto hck

N a.so SeetMan/Aircrate
_ Seperstion
‘ \ N 0.32 ’
o g

. Hendle Pylled
Ploxigiass Cutter Fired
Inertie Reel Fired
Rocket Launched
¢~ 000

Figure 1.17 Tractor Rocket Escepe System Operation
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Figure 1.17 shows this concept. The pri- -
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Figure 1.17 Tractor Rocket Escape System Operation (Continued}

approximately 250 KEAS. This system was used suc- Ejection at high dynamic pressures without fear of
cessfully in the U.S. Navy A-1 aircraft series®3 and is blast injuries.
still used in the T-28 trainer and liaison aircraft with

. R The disadvantages of encapsulated seats and crew
the extraction speed limited to about 300 knots,

modules are:
Encapsulated Seats'and Aircraft Crew Modules Weight of the unit per crew member
s . .
Studies of encapsulated seats .and crew modules . Complexity of the instaliation
began in the early 1950's and were implemented in Extensive maintenance and ‘overhaul requirements
the three encapsulated seots of the B-58 and the four especially for crew modules.

encapsulated seats of the B-70 aircraft in the early
1960's. A three man crew module for the F-111 air-
craft becaine operational in the mid-sixties and the
4/6 man crew module for the B-1 aircraft was quali-
fied tn the mid-seventies. Encapsulated seats and
crew modules have been developed for bomber air-
craft only and offer the following advantages:

The pafachute recovery systems used on proven en-
capsuiated seats and crew modules are a mixture of
aircraft ejection scat systerns and spacecraft recovery
systems. '
Table 1.6 gives a summary of the four qualified A
encapsulated seats and crew modules and compares
them with a typical high performance ejection seat.
Flying in a shirt sléeve environment without pres- Reference 64 provides'a summary of the B-58, B-70
sure suits, personngl parachute and survival gear ~ and F-111 escape systems.
attached to the occupant. :

- (Thighs lifted by cross

Within One Second ber and forwerd pert
: of seet pen)

"{Faat are pulled in by

. (Eithar trigger will
, . initiate ejection)

Figure 1.18 Encepsulsted Seat Pre-Ejection Sequence




!
m

- persul AN 01nudesey = () “Ascidelts) WBid I (E)
snyaeieyg o,:ao.o - J NnyIeIRg LMY = dN (2}
QU Mes]) Inouim (L)

14 000'GE 01 087 14000°LE 0V 0137  14000'GY O} 0187

slouy 0G9 O 009 ) SY3X 008 0 0132 SYIN 06901 0¢ SvInNops9ordez . 1Y paisa) 2INPO M31)
, poo.4 sheq S
. - . .o oy shed € -
JHN ‘uodeag ‘yeud 4HN ‘uodeag ey ¢ uosesg eud  JHN 'u0deag Heyd : {eAIAING ‘spiYy LONEI0T)
sbeg Bunybudn g sbeg bunubudn 2 sbeg sbeg - i
ey 9 ByzZwoiyz Toyyzwoigd g uoneiojge3 ¢ vonelojje3p . uoneoty
Mo ubiH AssA ybiH wnipan wnipay - 1327 'QINJaY/ 1uie
: ) A FYCRE " ubilanyecAL
pasn 10N - Beg 10edwy beg 10edwy - beg 1oedwy nun djgeysni) q walsAg 1oedusy
. (d0) SL0

5?_9 €V ‘(dnil TYE (g){dQ) EE ‘(dW) 8ot (@ ldW) GTLE @40 TS taWisy - AN RY Em;>m anyoesed
. uon N3 040Z2-0J37 L4

£9108) 002 sy oioe sy (©\05) 002 1804 apny Alonaie|
1814 P1OS (3 €) esbury LIS 1X3 %01 nesbuy o k _ 3ng/adAy
°g 1482 °a 13569 wesbury °Q 14 0L MORELE °a e anyesey e
uoqqiy ofsiway uoqqiy ANs0J04 A {ea Z) oysiwiapy conn;.... opystuaH o EY{INELTYY
®qiygoiigy paueA 14 vl oystwar °0 14 0'9 %q 1462 %q 1450 ainy) anbeaq
8aIny) sde)4 Wlg ’ sainyy) anboag/m .
] - anboiQ ‘sia)i0ds *an0)0 ainy) anboug paddinb3 swoog ainy) anbouq - - .
ainy) snboiQ Sul 4 APNPOW ML) uoIsUA XJ NPOW MBID 14 20008318} ‘Sut4 IX3 sueapy uonerqns
o5t : 005t - 05t 018 Te0g - wDja) equiap maiDiubieM.
oL - 0006/0009 . 0062 016 . 090G a1 .:Ea_o; 11U agers3
h Burues] g . : )
goi i [euonessdo v R A : e DI B ) . T sRaquap MsS) JO ON
- - appoyy mai) NPOW Ma1) " 1eag paeinsdesuy: . 1095 palejnsdeduy adex3 jo wdA L
1v3s ] ; . , 8 ;
NOILI3r3 IONV 19 Lit-4 oLe 858 ) L4vHOHIV

‘WHO4H3d HIIH

1v¥3S NOILD3M TVOIdAL V ONV SIINAONW M3UD ‘S1V3S QILVINSIVONT TVH3IAIS 40 zow.z(ms.ou 9L 318Vl

N . . ..
- P povey kt.h 9% 9 o Sl e, SN Dl i

31




[ aaie g SRS

B-58 Encapsulated Seat. The B-58 aircraft was
originally equipped with three ejection seats (pilot
and two crew members). Encapsulated ejection seats
were investigated as a possible solution for improving
pitot comfort during long duration flights. ‘When the

“encapsulated seat development proved successful, all

operational B-58 aircraft were re-equipped with them

during 1962/64. Figure 1.18 shows the seat in various
stages of encapsulation. The B-58 capsule functions
similar to an open ejection seat during normal flight,
except that a pressure suit, parachute and survival

.gear is not worn by the occupant. |f pressurization is

jost, the crewmember pulls a handle on either side of
the seat initiating encapsulation and pressurization.

Escape is initiated by a trigger under either side han-

dle. The foliowing sequence of events then occur: (1}
the seat occupant’s legs, hips and shoulders are re-
tracted; (2) the tivree clam shell doors are closed and
pressurization activated'; {3} the aircraft canopy s jet-
tisoned followed in 0.3 seconds by rocket catapult

' ejection of the seat/man; (4) as the encapsulated seat

leaves the aircraft, a 3.45 ft diameter Hemisflo ribbon
stabilization parachute is deployed followed by pro-
pellant actuated extension of the stabilization frome
with attached fins, initiation of the oxygen system
and ejection of chaff, (5) after any required delay
{due to speed/altitude conditions at time of ejection),
a reefed 41 ft diameter Ringsail main parachute is de-
ployed; (6) five seconds later the main parachute
interim attachment point is disconnected and the
capsule repositions to the landing attitude and the
stabilization frame is retracted and two cylindrical
impact shock absorbers deployed; (7) shortly there-

-after, the flotation booms extend and all remaining

live pyrotechnics are fired; (8) upon land impact,
the flower pot deformation of the extended cylindri-
cal shock absorbers and shearing action of the fins
cutting into seat flanges limit the impact shock to
human tolerance levels; the extended flotation booms
serving as anti-roll devices; (9) after landing, the main
parachute is manually relgasedi if water impact,
release .of the main parachute also activates inflation
ot four flotation bags.

B-70 Encapsulated Seat. The B-70 aircraft had
four crewmembers equipped with four ejectable en-
capsulated seats. The sequence of eieétion is very
similar to the B-58 encapsulated seat. Two (2) nine ft
long stabilization booms extend immediately after
séat ejection and separation from the aircraft. Two
each 2.13 it diameter Hemisflo ribbon stabilization

parachutes are stared in the tip of the booms and
deployed 0.5 seconds after boom extension; they
assist the booms in providing stability while descend-
ing from high altitude and during low speed ejections.
The main descent parachute is a 34.5 ft diameter
ten-percent extended skirt parachute. At altitudes
below 15,000 feet, deployment of the main descent
parachute is initiated two seconds after crewmember
ejection or as soon as the encapsulated seat speed
decreases to 400 KEAS. At this point, the cover of
the parachute compartment is ejected and a pilot
chute deployed from a bag attached to the cover.
The pilat chute extracts and deploys the main para-
chute which is reefed for two (2) seconds to a reefing
ratio of 4.8 percent. Two seconds after main para-
chute deployment, an air bag is pressure inflated
with stored nitrogen and serves as ground impact
attenuator. '

The B-70 seat capsules were part of the original
concept and therefore more comfortable and more
organically integrated into the aircraft as compared to
the B-58 encapsulated seat which replaced existing
ejection seats. Multiple seat-capsules similar to mul-

- tipul ejection seats create the problem of: (1) whe

initiates ejection of individual or of all encapsulatec
seats; (2} what time-staggered sequencing and wha'
ejection direction is employed to avoid capsule colli
sion; (3) how is separation maintained when ejectin
from out-of-control flight conditions? These anc
other questions led to the development of aircraf
crew escape modules which eject the entire crew it
one capsule.

F-111 Crew Module. The F-111 is the first opere
tional aircraft ta use a module for crew escape. Th
crew madule, as shown in Figure 1.19 forms an inte
gral part of the forward aircraft fuseiage and encomr

- passes the pressurized cabin and part of the wing-fus

lage portion called the “‘glove’. The two-men cre
module is fully self-contained and independent of ai
craft electrical, hydrauiic ahd pneumatic systems.

In case of emergency, the crew module is pressu
ized, its emergency oxygen system is activated and
is severed (cut) from the aircraft by Flexible Line
Shaped Charges {F1.SC) placed in a groove under t}
aircraft skin around the crew module. The FLSC a
fired by Shielded Mild Detonating Cord {SMDC). T
same method is used for cutting control, tubing ai
wire connections to the aircraft and for the severan

of covers for the parachute, airbag and flotation t
compartments. It is obvious from Figure 1.19 tha
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Figure 1.19 F111 Crew Module Configuration

crew module provides more space than an encapsulat-
ed seat for crew comfort and for the storage of flight
gear, impact attenuation, flotation, location and land
and water survival equipment. References 65 and
66 give a good description of ;the total crew éscape
module and its subsystems. }

Figure 1.20 shows the escape sequence. At time
zero, the crew is restrained in their seats, the module
is pressurized and emergency oxygen is provided. This
status can be maintained and feversed without ejec-
tion if required. At 0 + 0.5 seconds, the crew module
is cut free from the aircraft and a dual-mode solid
propellant rocket motor is ignjted. At speeds below

300 KEAS, a high thrust leve] is used. Above 300

knots, a second nozzle is opengd on the upper part of
the rocket motor; this reduces|thrust, keeps decelera-
tion forces down and in conngction with module fift,
provides sufficient aftitude for proper main parachute
inflation. At O + 0.67 seconds the stabilization para-
chute is cziapult ejected. Ajreefed 70 ft diameter
Ringsail main parachute is subsequently deployed in
a three-mode sequence, contrplied by dynamic pres-
sure {(q) and deceleration (g) sensors. At speeds below
300 KEAS and altitudes below 15,000 feet, the main
0 + 1.75 seconds from

33

the upper part of the module glove. Between 300
and 450 KEAS, the main parachute is deployed at
0 + 2.75 seconds and above 450 knots, parachute
deployment is delayed by a g-sensor for 0 + 5 seconds
or by a gsensor until the module deceleration has
decayed below 2.2 g's. Ground impact attentuation
bags inflate 3.5 seconds after main parachute deploy-
ment and 4.9 seconds thereafter, the module reposi-
tions into the landing attitude. Water flotation and
uprighting bags are manually deployed.

B-1 Crew Escape Module. The B-1 aircraft in its
original version used a crew module for emergency
escape.n The B-1 crew module is quite similar in
its escape envelope, aircraft installation and severance
systém to the F-111 instaliation. The crew module
has a separation weight of approximately 9000
pounds and uses a short stablization glove, extendable
fins and spoilers for pitch and yaw stabilization; this
is augmented by a swivelling Vernier rocket motor
slaved to a horizontal/vertical reference system and.a
stabilization parachute. Figure 1.21 shows'the crew
module with fins, spoilers, rockets and parachute
recovery system installation in the rear glove com-
partment. ) o
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Figure 1.20 F-111 Crew Module Low Speed Ejection Sequence
In case of emergency, the ctew module is pressuriz- the landing attitude and the gas inflated ‘ground im-
ed, emergency oxygen is supplied and is severed from °  pact attenuation airbags deploy.

the aircraft and rocket ejected. Ax crew module sep-
rocket are ignited and fins and spoilers are extended.

At 0 + 0.15 seconds after separation, the reefed 14.2 o

ft diameter ribbon stabilization .parachute 1s mortar Stabilizing Fin —._ . Sysem
deployed from the rear of the glove compartment, in-

flates and disreets 1.75 seconds after line siretch,

Three each' reefed 69.8 ft diameter Ringsail para-

chutes are used fo: tinal recovery.%8 A  four (4) ,
mode concept as shown in Table 1.7 is used for ' .
controlling the deployment of the main parachute

cluster. The parachute deployment signal disconnects

the stabilization parachute and 0.3 seconds later
simultaneously ejects two (2) pilot parazhutes which ~ Spoiler
in turn extract the three Ringsail main parachutes
which disreef 2 5 seconds after line " retch. Five and
a haif seconds later, *he crew modute repositions into

.34 ' s f

Parachute Recovery
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TABLE 1.7 B-1 CREW MODULE, MAIN PARACHUTE DEPLOYMENT SEQUENCE

ALTITUDE, FT

AIRSPEED, KEAS

PILOT MORTAR INITIATION"

> 15,500 + 500 All Inhibited by aneroid
< 15,500 + 500 > 300 £ 15 3.0 + 0.32 sec after initia-
tion of ejection
> 195 + 15 to 300 * 15 2.25 + 0.25 sec after

< 15,500 + 500

< 15,500 + 500

< 195 £ 15 -

initiation of ejection

0.40 sec after initiation
of ejection

AIRDROP OF MATERIAL AND PERSONNEL

This section discusses parachute systems used for
lbad extraction from the ‘aircraft, for load decelera-
tion and descent prior to ground contact or for stabi-
lization in high altitude drops. In each case, the para-
chute system forms an integral part of the airdrop
system. This section includes also a short discussion
of aircraft used for airdrop operations, &nd of the var-
ious airdrop methods. It defines consideration and
requirements for the design of airdrop parachute sys-

terns and describes the parachute systems and related '

equipment presently in use.

Airdrop of personnel, primarily paratroopers,. re-
quires highly reliable equipment for transporting the
paratrooper/jumper from the aircraft to the ground,
the personnel psrachute systems used are discussed
at the end of this section. '

Airdrop Aircraft .

Table 1.8 lists performaace data of winged and
rotary wing aircraft usea for airdrop operations. The
C-119 aircraft has been remove from the U.S. Armed
Services inventory but is still in service with foreign
nations. The monorail automatic cantainer delivery
system is not used anymore in modern cargo aircraft.
The airdrop system in the table refers to the various
types of airdrop methods discuss2d subsequently in
this chapter. The C-130 cargo aircraft, “'the airdrop
work horse”, is presently rated for loads of 35,000 ib

* Will not occur unless longitudinal G is less than 3.0 £ 0.1,

airdrop weight. The C-130 is being used for all airdrop
systems from LAPES to high altitude container drops
8972 The C-141 handles all airdrops with the ex-

. ception of LAPES 73,74 The C.5 has'been quali-
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fied fcr airdrop of military equipment but is presently
not approved for this type of operation '2+76 . The
DeHavilland CV-7A, in service with the Air, Force
Reserve, is being used for airdrop of personnel and
material. ' ,

The Air Force has tested the standard, personnel,
CDS and LAPES aiidrop capability of both the YC-14
and YC-15 STOL aircraft. Helicopters are used by the
Army and the Marine Corps for airdrop of personnel
and containers, Table 1.9 gives weight ranges, para-
chutes used, aircraft speeds and minimum drop alti-
tudes for CH-46 and CH-53 container aircrops 558

Each material airdrop mission involves loading and
restraining the load and parachute system in the air-
craft. Vehicles and large equipment are placed and
secured on platforms which are loaded in the sircraft
using the automatic dual rail restraint system. The

platforms are extracted by means of the parachute '

extraction system from the aircraft cargo compart-
ment. ]

The skate wheel conveyors and side buffer boards
used in the C-119 in connection with extraction para-
chute actuated shear webs have been replaced in the
C-130 and C-141 with a semi-automatic dual rail sys-

em 172, This_dua! rail system is used with the Type
N
N
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TABLE 1.8 AIRCRAFT USED FOR AIRDROP

MAXIMUM C
B COMPART- : UNIT ,
AIRCRAFT MENT AIRDROP AIRDROP AIRCROP AIRCRAFT AIRDROP PARA-
SIZE, IN. CAPACITY CAPACITY SPEED INSTALLATION SYSTEM TROOPERS
LW/H LB LB KEAS .

C-119, Fairchild 371/105/86 24,000 14,000 110-130 Monorail Con- Containers 48
' ' : , veyor/Boarq Platform,

Standard
C-130, Lockheed  492/120/109 35,000 35,000 130 Dual Rail, LAPCS, 64
. Auto. Restraint CDS, Stan-
dard, Hi-
‘ ALT, Spec.
C-141, Lockheed  840/123/109 70,000 35,000 150 Dual Rail, CDS, Stan- 120
' : Auto. Restraint dard, Hl- -
' _ ALT, Spec.
c-s; Lockheed 1450/228/162 220,000 40,000 15010 ‘Nét Approved 75
for Material
Airdrop

CV-7A, DeHavilland 373/92/78 12,000 12,000 100-120 Dual Rail Standard 25
: ' Airdrop

CH-63, Sikorski  360/96/77 20,000 20,000  50-120 Container  Gravity
. . . Handling

CH-47, Boéing 366/90/78 16,000 12,000 50-120 Container Gravity

. \ , , .
g .
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TABLE 1.9 CONTAINER SUMMARY' FOR HELICOPTER AIRDROP

i

11.Standard Army modular platform and the Air
Force Type A/E 23H-1 extended aluminum LAPES
platform (w/o skids for C-141 use). in the C-130 the
left hand restraining rail contains detent notches
which engage corresponding indents in the platforms
for fore and aft restraint in accordance with MIL-A-
8421 tiedown requirements of 3 g's forward, 3 ¢’s aft,
2 g's up and 1.5 g's lateral. This refers to the restaint
between platform and aircraft as well as platform,
loads and parachute systems. For LAPES drops the

: _restraint of the load 70 the platform is increased to

12 g's forward and 6 g's in the other directions.

In adverse weather the aircraft pilot reaches the
computed air release point (CARP) for airdropping
the load by use of the Advanced Weather Aerial De-
livery System {AWADS). This is a combined aircraft
.navigation radar and computer system installed on
some C-130E aircraft and used as “pathfinders’”. It
senses aircraft heading and course, determines the
magnitude and direction of winds effecting ihg air-
craft course and provides automatic updating and

positioning and station keeping tasks”? |

Upon reaching the CARP, the pilot commands air-
drop by initiating the pendulum extraction system
78 . The extraction parachute, stored in a deploy-
ment bag attached to the pendulum release, falls free
and by means of the pendulum line, swings in an arc

" to the rear of aircraft for good parachute deployment

in the wake of the aircraft. A 60 foot (C-130) cr 120
foot (C-141) long extraction line connects the extrac-
tion parachute to the platform. Prior 10 deployment
of the extraction parachute, the manual detents of
the left hand dual rail have been removed and the plat-

1t also handles interformation -

. loaded detents of the opposite rail.

" drop, installatioris and equipment used can be found _

.37

CONTAINER CARGO PARACHUTE PILOT DﬁOP DROP
WEIGHT TYPE TYPE CHUTE SPEED ALTITUDE

L8 . SIZE KNOTS FEET

300 - 500 A-7A Cargo G-13or 80-120 500

Sting G-14
800 -, 1000 A-22 Cargo 2 X G113 80'-120 ) 500
. Bag 2XG-14
' , 1000 - 2000 A-22 Cargo G-12D 68" 80-120 600
‘ Bag .

form is restrained in the aircraft only by the spring
As soon as the
force of the extraction parachute reaches the preset
force level of the detents, the platform is rele3sed and
extracted. After the platform leaves the aircraft, the
extraction parachute is disconnected from the plat-
form by either extraction force transfer coupling or
static line/cu}ter systems and deploys the main para-
chute for standard airdrop. A similar LAPES extrac-
tion process is described in the next section. The
parachute extrac.ion force which varies with platform
weight, ranges from 0.7 to 3.0 g's. The higher values
are used for LAPES extraction. In sequential plat-
form drops the extraction parachute for the follow-on
platform is stored on the preceding platform and de-
ployed upon separation of the platform from the air-
craft.

Considerable details on the aircraft used for air-

in Reference 79.

Airdrop of Material

in WW Il men and material were airdropped from

altitudes of 1000 to 2000 feet at aircraft veldcities of

80 to 100 knots. This method had to be drastically

modiiied in the post-war véars for the following

reasons. (a) enemy counter action, as experienced in

South East Asia, made it desirable for aircraft to ap-

proach below radar detection altitude or above AAA

(Anti-Aircraft Artillery) effective range, (b) minimum

speed of today's aircraft, used for airdrop, has in-.
creased to 120 to 150 knots and {c) the weight of in-

dividual items to be dropped has grown to 36,000 lbs

and is approaching 50,000 Ibs.

Y
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These requirements have resulted in supplementing
the standard airdrop method (airdrops from altitudes
of 500 to 1500 feet) with the LAPES (low Altitude
Farachute Extraction System and with high altitude
airdrop systems now under development. Stronger
and more effective parachute systems'and load piat-
forms were developed that can nandle the hlgher drop
speeds and heavier weights.

Medium and Low Altitude Airdrop. The important
methods for airdropping military equipment are:

{1) Standard Airdrop Method

(2) LAPES (Low Altitude Parachute Extraction
System)

(3) CDS (Container Delivery System)

Standard Airdrop Method. Figure 1.22 shows the
drop sequence. The material to be dropped is loaded
on airdrop platforms and restrained in the cargo com-
partmert cf the drop aircraft using the dual rail air-
craft cargo nandling system. Upon the pilots com-

! : mand the extraction parachute is pendulum ejected,
: inflates, and pulis the platform from the aircraft.
After platform extraction the parachute disconnects

Extraction Force is transferred from
. Platform to Recovery Chute Bage.

Discannected Extraction Pacechute
Deploys Mein Perschute

Figuro‘ 1.22 Standard Airdrop Method
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{extraction farce transfer) and removes the main pa
chute bag(s) from the load, the main parachute(s} -
flate and lower the platform to the ground with a ra
of descent of 20 to 30 ft/sec commensurate with t
allowable impact deceleration of the cargo G- =ral
6 to 12 inches of paper honeycomb is usec %
load and platform for impact attenuation. S-
platforms may be extracted sequentially from i
C-130 3and the C-141 aircraft depending on the weigt,
and size of the material to be airdropped. P: ¢
loads in the 3000 to 36,000 pound range, use - .
or clusters of up to three each 64 ft diameter « "2
or eight each 100 ft diameter {G-11) parachutes ro
altitudes between 800 and 1500 feet are requir=2 de
pending on platform weight, size and number o¢ para
chutes used. This drop altitude is sometimes undesis
able due to possibre AAA (Antn Aircraft Amllery) fin:
and airdrop accuracy. However, standard airdrog

. method is well developed and is being used for smgl(

loads up to 35 000 pounds

Container Dehvery System (CDS). Methods for de
livery of multiple A-22 containers have been develop-
ed for both the C-130 and C-141 aircraft 8384  The
yoal is ta drap as many containers in as short a deliv-
ery distance as possible. The C-130 can airdrop up to

; Main Parschutes are Full Open,
_ Loed Swings in and Stadilizes

Parschute(s) disconnect st Impect.

- itk & st Sl . s
illae ;




[ T

L

16 each, 2200 Ib A-22 containers-in two rows from
the rear of the aircraft and the C-141 can drop up'to
28 each, 2200 lb A-22 containers in two rows. The
containers are restrained in the aircraft with tiedown
chains. - Shortiy before the drop the aircraft is placed
in a slight nose-up attitude (= 3 °-4°) by the pilot,
the main part of the tiedown system is then removed
leaving only nylon straps as a rear barrier. At the drob
point, the pilot actuates a switch which cuts the re-
straint webbings by shear knife action. This allows
the two most rearward containers to leave the aircraft
by gravity drop  with the static line deployed pilot
parachute for each container. This sequence of grav-
ity drop, s&tatic line deployed 'pilot chute and pilot
chute deployea parachute continues until all contain-
ers have left the aircraft.

Low Altitude Parachute Extraction Method
(LAPES). Figure 1.23 shows the LAPES airdrop
method. The C-130, the only- aircraft currer.tly used
for LAPES, approaches below radar detection alti-
tude. On approach to the drop zone, the pilot deploys
a 15 ft diameter ringslot drogue parachute using the
pendulum deployment system. The drogue chute is
attached to the aircraft by means of a tow fitting
using a staridard 60 ft extraction line. Upon reaching
the drop zone the pilot drops to'approximately 5 feet

Doy

)
-1 L) Approsch Drogue Deployed

above ground and releases the drogue parachute which '

in turn deploys a large parachute or parachute cluster
that extracts the platform from the aft end of the air-
craft cargo compartment. The platform drops to the
ground, stabilized and decelerated by the large extrac-
tion parachute and grourid friction. Up to three (3)
platforms connected by flexible couplings can be ex-
tracted by this method. The fcroe of the extraction
parachute should be close to 3 g's related to the plat-
form weight(s} at the beginning of the extraction
cycle. The parachute(s) force is guided through the
approximate center of gravity of the platform/load
assembly by a combination of couplings and clevises.
Depending on the type of load to be extracted, the
extraction force line is attached to the platform or
the load. USAF Technical Order T.0. 1C-130-9 de-
fines the LAPES C-130 aircraft restraint and extrac-
tion system. Extraction parachute sizes used for
LAPES are discussed later in this section.

The Air Force Type A/E 29H-1 (METRIC) plat-
form was developed for accommodating the higher

vertical impact loads frequently encountered in

LAPES drops and to meet the requirement for attach-
ing the extraction line to the platform. The total load
dropped from the C-130 with three coupled platforms
has been as high as 46,000 pounds.

W

L'20Fz Max Drop

Mein Chute Deployed for Extraction

. LA 2 \ z @“*——1&8@ Extraction Complete

Ground Cc'mucr and
Vertice! Energy Dissipation

 ——

==

Cargo Siides to Stop

“‘-

" Figure 1.23 “LAPES” Airdrop System
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The advantages of the LAPES airdrop method are
obvious: the aircraft approaches below radar detec-
tion altitude, the exposure to AAA fire is greatly re-
duced, the delivery is very accurate and sighting of
the airdrop event by hostile forces is diminished. Dis-
advantages are the need for reasonably level terrain
for final aircraft approach and drop platform deceler-
ation of several hundred feet after drop, the pilot
must fly fow enough (about 5 feet) to avoid excessive
vertical impact loads and the restraint of the loads on
the platform must be rugged enough to withstand the
high vertical and horizontal deceleration forces. Ref-
erences 85 through 88 describe the development,
tasting and qualification of LAPES.

High Speed, Low Altitude Fighter Container Drop:
A finned aluminum cargo container (CTV2A, former-
ly M4A) has been developed for under-wing carriage
by fighter aircraft at.speeds up to 550 knots % The
container can be dropped at speeds up to 400 knots
from altitudes of 300 to 500 feet. A 34-ft diameter
reefed ringslot parachute decelerates the container
prior to impact. A crushable nose section is sued for
impact attenuation. The container can accommodate
loads up to 500 pounds.

High Speed. Low Altitude C-130 Container Drop:

" This method, also referred to as High Speed, Low

Level Airdrop System {HSLLADS) delivers A-21 con-
tainers at @ minimum altitude of 250 feet and maxi-
mum' speeds of 250 knots with the C-130 Combat
Talon aircraft 80,9 . The containers are stored at
the rear of the C-130 cargo compartment and ejected
from the ramp of a Combat Talon aircraft by the sling
ejection delivery system (SEDS). A static line attach-

ed to the aircraft deploys a 22 or 28 foot diameter .

cargo extraction parachute which is used as the main
recovery parachute. The sling shot ejection delivery
system can deploy four 500 Ib modified A-21 con-

tainers. Additional impact shock absorbing material

is required for most of these drops.

Information on other delivery methods and British

activities in this area can be found in Reference 576,
577, 580 and 581.

High ARtitude Airdrop Methods. High altitude air-
drop methods have been developed to éscape the AAA
and Anti-Aircraft missite firings 92°98 | This requires
drops from 10,000 feet or more above ground level.
The U.S. Army is investigating two high altitude air-,
drop systems: the High Altitude Airdrop Resupply

System (HAARS), formerly designated the High Level
Container Airdrop System(HLCADS) and the Ultra
High Level Container Airdrop System (UHLCADS).

High Altitude Airdrop Resupply System (HAARS). |

The U.S. Army is in the process of developing this air-
drop system which airdrops A-22 containers from al-
titudes of 10,000 feet and abave:. The containers are
equipped with a two-parachute system. A standard
68 inch pilot chute is static line deployed after con-
tainer gravity drop from the rear of the C-130 aircraft.
The pilot chute is attached to 'the container with a
V-sling and stabilizes a 2200 1b, A-22 container at a
rate of descent of 250 ft/sec. At an altitude of 800
to 1000 feet above ground, the stabilization parachute
is disconnected by a pyrotechnic disconnect actuated
by a barostatic device. The disconnected stabilization
parachute deploys a 64 ft diameter G-12 main para-
chute attached to the A-22 -ontainer by an inner
V-sling. The G-12 parachute uses a pull-down vent
line (PDVL) for faster opening. This concept as
shown in Figure 1.24 is currently used for the A-22
container.

68 inch
Drogue
Parschute

5 Foot Riser
Stacms 10 15 Ft
Relesse

Outer Sting
gives 4-Pt
S ', ?

M 20
il \ya N9
D; ‘Tv\ = "’:'llf"

Double Ties
Secure Skid

Figure 1.24 High Altitude Airdrop Resuoply System
(HAARS), First Stage Configuration
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Under a 1575 NARADCOM program, high altitude
drop tests were conducted with platforms stabilized
and decelerated by a two-staye parachute system. The
same parachute was used for extraction and stabiliza-
tion. The tests covered platforms 8 to 12 feet long,
weighing 2,700 to 15,100 Ibs which resuited in the
first stage stabilization parachutes or rates of descent
from 162 to 306 ft/sec. The platforms were banging
vertically on the stabilization parachutes which were
separated by timed disconnect devices and deployed
standard main parachutes. The feasibility of the

' sequencing concept was demonstrated; however, plat-
form pitch stability problems were encountered
whenever the C.G. of the platform was not forward
of the platform 50:percent line.

.Uitra-High Level Container * Airdrop System
{JHLCADS). The U.S. Army, Natick R & D Comr-
.mand, is investigating a cargo container that can free-
fall from high altitude in stable descent and be re:
covered by parachute shortly before ground contact

. The container, similar in size to the proven A-22
cargo container uses the forward compartment for
cargo and the rear of the 100 inch long container for
stabilization. The latest version has longitudinal cut-
outs in the rear of the container which serve some-
what as stabilizing fins. The containers are designed
for loads from 1200 to 2200 pounds.

‘Barometric altimeters for signalling the main para-
chute deployment are scheduled for use. Tests on this
system are still in progress.

Airdrop Psrachu.e Systems. Parachute systems
are involved in the foliowing phases of airdrop opera-
tions:

(1) nggong and installation of extraction and de-
scent parachute assemblies in the earcraft and
on the drop load,

{2) extraction parachute deployment, disconnect
of the airdrop load (platform) from the air-
craft restraint system and extraction of the
load from the aircraft cargo compartment

(3) deceleration, stabilization and descent of the
load by parachute,

{(4) landing, impact attenuation and disconnect of
the parachute assembiies from the load, and

(5) retrieval and refurbishment of the parachute
assemblies for reuse. '

This extensive use of parachutes in airdrop opera-
tions establishes the following considerations and re-
quirements for their application:

{1) reliability of parachute operation and system
intagration,

{2) safety of the aircraft during rigging, flight,
. parachute deployment and load extraction
phases, .

(3) parachute rate of descent and stability com-
. patable with system requirements and no
damage or acceptable damage at landing,

(4) uniformity and repeatability of parachute de-
ployment and opening, and suitability for
cluster operation,

{S) ease and simplicity of packing, rigging and
maintenance of the parachute assembly, and
load and aircraft instatiation, and

(6) multiple use and low cost.

Specialized -equirements may include:

(1) fast and uniform extraction parachute deploy-
ment, inflation and load extraction,

(2) satety means to comply with luad hang-up and
parachute failure during ioad extraction and
incorporation 'of these emergency procedures
into aircraft T.0.’s, '

(3) minimum aircraft C.G. shift during extraction,
(4) good parachute force transfer into the 10ad,

(5) parachute opening and oscillation damping
during descent,

(6) quick parachute disconnect and denggmg
frcm load after landing, and

(7) parachute landing with 'the equipment drop-
- ped ready for operational use.

.

Main Recovery Parachutes. Operational experience
has defined certain parachute system design restraints.
The size and weight of the present 100 ft- D, G-11

parachute assembly, weighing about 250 tb, may be .

the upper practical limit for handling, packing and
loading prior t0 drap and retrieval after drop. Mater-
ials used must be of sufficient strength to withstand
rough handlmg in maintenance, landmg and ground

retrieval,

Airdrop parachutes in use today are tailored to the

specific types of containers and platforms used:
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Barachute(s)

Container, Weight Range
Platform . Used
A-7A,A-21 200to 500 Ib Single G-13,
G-14
A-22 500 to 2270 Ib Single G-12

500 to 1000 (2 Chutes) Clustered,G-14
1000 to 1500 (3 Chutes) Clustered,G-13

Platform 2500 to 35,000 Ibs Single & Clus-
‘ tered G-11

The 32 ft D,, G-13, the 64 ft Dy, G-12 and the
100 ft D, G-11 parachutes were developed in the late
1940°'s and eaily 1950°s. All attempts to replace these
“old” parachutes with "‘better’ parachutes have failed
so far with the ‘exception of the 34 ft D, G-14 para-

chute which was developed in the mid-1960’s as a re-

placement for the G-13. Looking at performance and
cost effectiveness, a “‘new’’ parachute must be either
lower in cost for the same performance or better in
performance for the same cost. Cost has proven to be

the over-riding factor for airdrop parachutes. Para- -

chute material accounts for 60 to 80 percent of acqui-
sition cost. Extensive investigations to develop lcviz
cost materials than those presently used have nct been
successful, nor have ai’empts to develop one-tin‘e-use
expendable parachutes.

Rates of descent in the 20 to 30 ft/sec range are

used for most airdrop equipment. All sensitive con-.
tainer and platforr loads use paper honeycomb for

impact attenuation. .

Single parachutes used for airdrop should oscillate
not more than approximately 10 to 15 degrees. Para-
chute clusters, used for airdrop cargo weighing in
excess of 3000 Ib, have less than 10 degrees of oscilla-
tion.

Table 1.10 lists commonly used airdrop para-
chutes. The G-13 has been used extensively in unreef-

ed condition for recavery of A-1,A-7A comainers and

cargo bundles up to 500 Ib in weight %@
The G-14 parachute developed by the U S Army
Natick R & (o) Commancl is of biconical design with a

“single slot.’

The G-12 parachute is used sirgle.and in clusters
and due to its heavy material is well suited for handi-
ing and multiple use'91192 Tests have been conduct-
ed?” 10 use the parachute with a pull-down vent line
{POVL) of 51 ft length for decreasing the canopy fill-

"ing time and thereby, the drop. altitude, however, no

PDVL version has been standardicad so far.

AN
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The 100 ft nominal diameter G-11 parachute was
developed in the mid-194Q’s primarily for platform
airdrops. '

Reefing was added to the G-11 parachute in an
-early development stage to permit use of the para-
chute in cluster application. Use of a 20 foot long
reefing line and a Zsecond reefing cutter stopped
parachute growth in an early stage of inflation and
permitted all parachutes to reach full reefed inflation
which supported a reasonable uniform full infiation.
The ‘uniformity or non-uniformity of inflation that
may be expected is discussed in Chapter 6. Longer
reefing times generally- improve the uniformity of
cluster infiation but also:increase the resuitant open-
ing time and the required drop altitude. References
primarily concerned with the G-11 parachute are 74 ,
76 .81 and 103.

Several G-11 parachute maodifications have been in-
vestigated to improve performance or obtain special

_characteristics such as a shorter parachute opening

time. One modification investigated was the use of a
95 ft long center line which connects the canopy vent
to the parachute suspension confluence. Pulling the
vent down slightly above the level of the parachute

-skirt creates a toroidal annular shape of the parachute

canopy which results in a sharter filling time and high-
er drag area. This results in an increase of about 25
percent in opening force. the USAF tested numerous
center line versions and arrangements however, no
nublished USAF report on' G-11 with center lines is
avai'able. The U.S. Army Natick R & D Commang, in
Reference i04 and 105 investigated and tested the
adapted version of this modification, the G-11B para-
chute. This narachute usas a 60 ft long reefing line
and four, 2-second cutters. Reference 108 quotes the
primary gain as a 250 to 300 feet lower droo altitude
and the possibility of 3500 ft drop altitude for a sin-
gle or cluster of two G-118 parachutes until reaching

' the desired -rate of descent of 25 ft/sec on the "'sys-

tem second vertical”* position.
The U.S. Army investigated the addition of an in-

“ternal parachute for decreasmg the filling time of the

parachute canopv . The added complexny dud not
compensate for a margmal improvement.

The U.S.'Army Natick R & D Command develop-
ed, tested and qualified a 135 ft, nominal diameter,
solid flat cargo paradvute‘w. This parachute s rough-
ly equivalent in performance ta two 100 ft uiameter
G-11A parachutes. The parachute was extensively test-

ed; 378 however, one of its operational drawbacks,

is the weight of 450 Ibs for a full parachute assembly,
a weight difficult to handle in packing and mainten-
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TABLE 1.10 LIST OF STANDARD AIRDROP MAIN RECOVERY PARACHUTES

PARA: NOMINAL NO.OF EFFEC- MATERIAL MATERIAL WEIGHT MAX
CANOPY  SUSP. LINES
TY?E STR. TYPE sTR. ' L8S!" KNOTS  wT v

CHUTE - DIA- GORES TIVE
TYPE METER SUSP.

PERFORMANCE
VELOCITY

e

{n clusters up to 50,000 Ibs
)} (n clusters up to 15,000 ibs

~

e
D, FEET LINES Lg/D, LB/IN LB LB FT/SEC
G-13 324 20 . 093 Cotton Rayon 400 40 150 500120 2P
Hemispherical :
G14 ¢ 34 32 08 Coiton 48 Cotten 400 375 150 500 27
Single-Slot ,
Biconical N
G-120 64 64 08" Nylon 90 Nylon 1000 130 20080 2206 28
Solid Flat ,
N

G-1A - 100 120 08 Nylen 50 Nylon 550 250° 1850 33008 22
Solid Flat : < :

: . AN ,
G-18'® 100 120 091t Nylon S50~Nylon 630 275 150 50007 25
Solid Flat 1.1 AN
135 Ft 110 135 160 125 Nylon 50 Nylon 550 460" 150 9000 9 22
Solid Flat
{ 1) Amembly \n‘nivn includes deployment Lag, bridie, static line
{ 2) Mex Payioced Weight | .
{ 3) For quoted max peyloed
{ 4) Replacerment for G-13
( 8 Higher for single resfed perachutes
(
(
{

) Pull-Down Vent Line
{ 9) In clusters up to 50,000 ibs
{10) Not in Service

ance. Also, retrieval of such a heavy parachute after
drop requires special care and preferably special equip-
"~ ment. The parachute has not been standardized for
use by the Armed Services but is available it the need
for such a large parachute should arise '08-100,
" The U.S. Air Force in the early 1950's investigated
150 ft and 200 ft diameter cargo parachutes for the
.airdrop of heavy cargo platforms. Tests showed the
parachutes to be technically feasible but impractical
in the field due to size and weight. It made packing,
rigging and field retrieval after drop difticult, requir-

ing large facilities for packing and excessive personnel .

for retrieval, Also, the long parachute opening times
in excess of 20 seconds for the 200 ft diameter para-
chute were undesirable 19111,

Field experience in WW 11 and Korea showed that |

parachutes in combat were never recovered due to the
battletield environment. ‘It was therefore, logical to
investigate the ‘development of one-time use, or as
they were called, “expendable’’ parachutes. Both the
Air Force and the Army conducted studies and tests
on materiais, substantiaily lower in cost than standard
parachute materials. Investigated were paper, plastic
films and laminates, spun nylon and other materials.
‘Difficulties were encountered in bonding of gores,
attachment of suspension lines and stiffness of the
material in packing and handling. The low porosity
material developed high opening loads in airdrcps and
the parachutes were quite unstable. Designing poro-
sity into the canopies in the form of slots and holes
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defeated the low cost aspect. Efforts in this area were
discontinued after several unsuccessful development
programs”"’%”"'"‘

The feasibility of airdropping loads in excess of
50,000 Ibs is discussed in references 115 and 116, Air-
drop of loads up to 90,000 Ibs appears possible with
the C-5 aircraft. Recovery of the 165,000 ib SRB
booster from the C-5 aircraft are discussed later in
this chapter. Both systems show the possibility of ex-
tracting and recovering loads in excess of 50,000 Ibs.

Extraction Parachutes V7123 parachutes for ex-
tracting loads, and especially platforms from aircraft
were introduced in the lat 1'940's. In the early
1950°'s, the USAF introduced the pendulum swing
arm deployment method for ejecting extraction para-
chutes from the aircraft cargo --ompartment starting
with the C-82 aircraft. An exiraction force of 0.7 to
1.5 times the load of the piatform to be extracted
(0.7 to 1.5 g's) was found tc .2 a practical approach
for the standard airdrop method. The introduction

of LAPES necessitated extraction and platform decel-
eration forces of up to 3 ¢'s. This decreased the ex-
traction time and the required stability and control
response of the aircraft. It also decreased the ground
slide of the platfarin after extraction.

Extraction parachutes must have a high reliability

. of oneration to comply with aircraft safety during the

extraction pracess. A high degree of uniformity and

_repeatability of the extraction force is required to as-

sure predictable aircraft stability and cantrol respons-

es. The extraction parachute(s} must be sufficiently

stable, so as not to ‘aterfere with aircraft control or
platform extraction. '

All previously mentioned main parachutz require-
ments regarding cost, ease of packing, maintenance
and ground retrieval apply equally well to extraction
parachutes. )

Table 1.11 lists standardized extraction'parachutes
presently in the inventory or qualified. All extraction
parachutes presently in service are of Ringslot design.
Thg heavy duty 28 ft diameter extraction paiachute

TABLE 1.11 EXTRACTION PARACHUTE TYPES

NOMINAL _NO.OF L/D, CANOPY _ SUSP.LINE PARACHUTE USED DRAWING
DIAMETER TYPE GORES RATIO MATERIAL BREAKING ~WEIGHT  FOR NUMBER
STRENGTH
FT LB LB
15 Ringslot 16 10 2250zNylon 1000 8.0 Std/ 5746032
' ‘ . LAPES
22 Ringlot ©+ 28 10 3.5 ozNylon 1500 © 215 Std/ 52K6329
' ' ' .. LAPES
28 Ringstot 30 10 2250zNylon 2000 36.5 Std/  58K6326
‘ : LAPES
28 ' Ringlot 36 10 35 ozNylon 2300 68.5 Std/  67K1901
' : : . LAPES
35 Single-Slot 32 10 35 ozNylon 4000 96.0 Special . 68K373
352 . Ringslot 32 10 35 ozNylon 4000 90.0 Special 68K372

{1} Heevy duty extraction perschute
(2) Experimentsl extraction perschute
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EXTRACTION SPEED IN FT/SEC
8

EXTRACTION FORCE IN 1000 L8
8
L]

37,000 Ib Extraction Force

Pilatform
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Extraction

" Speed

0 []
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Figure 1.25 Parachute Extraction Force and Extraction Speed vs Time F .r 8 35 Ft Parachute

was required for standard airdrop extractions at
speeds up to 150 knots. The lighter 28 ft diameter
parachute will become obsolete to assure a minimum
of system components. The 35 ft diameier parachute
was developed for possible use with loads in excess of
35,000 16119, 1t is a flat circular type of either Ring-
slot or single-slot design. This parachute is fully qual-
ified but is not in the operaticnal invemory since
clusters of 28 ft parachutes are being used to extract
these heavy loads. Recommended combinations of
extraction parachute size and platform loads for

" standard airdrop and LAPES are found in Reference

124 . )

Figure 1.25 shows the parachute extraction force
and platform extraction velocity vs time for a 35 ft
diameter parachute extracting a 50,000 Ib load plat-
form. The rail release fittings did not disconnect the

platform until a parachuté load of 15,000 Ib was'

reached. This provided for a fast extraction, a high
extraction -velocity and avoided excessive aircraft
pitch-up due to the load moving aft in the aircraft.

Special Airdrop Systems. Airdrop o1 supplies and
equipment has frequently encountered such special
requirements as airdrop of sensitive equipment, pre-
cision airdrop without enemy detection of the air-
drop, airdrop irto jnaccessible jungle or mountainous
areas and related tasks.

a5

Extracting a 50,000 Lb Load

Retrorockets for terminal impact attenuation
permit a higher rate of descent, a lighter parachute
system and a close-10-zero-impact velocity. A ground
sensor is required for firing the rockets at the right
aititude above ground. The rocket installation either
in the platform or in the riser between platform and
parachute is complex and obviously expensive. The
U.S. Army in the 1960°'s conducted an extensive de-
velopment test program of a parachute-rocket -airdrop
system for use with load platforms. The feasibility
was proven: however, the program was terminated
due to the development of the LAPES concept, a
more cost-effective and operationally preferable
approach 25122 The Russians have developed an
operational parachd,_te/retrotocket system for the air-

, drop of heavy loads.

Numerous, unsatisfactory attempts have 'been
made to develop a precision airdrop landing system
using gliding, maneuverable‘ parachutes, soO success-
fully used by sport jumpers and military personnet.
The approach appears technically feasible. However,
it requires a fully automatic vehicle three-axis and
tlight path control system somewhat similar t0 a fully
automatic aircraft tanding system, a task not opera-
tiorally solved at this time. Gliding, maneuverable
parachutes are discussed in detail in Chapters 6 and 7:
Etforts to develop_precision airdrop systems using

)
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Figure 1.26 T-1G., Personnel Troop Parechute
Assermnbly

maneuverable parachutes are found in References 130
through 136

Attempts have been made to airdrop parachute/
load systems at very low altitude and have the pars-
chute ascend to obtain the required altitude for full
parachute opening and proper load landing attitude
137,138 This method is discussed in detail under the
delivery of ordnance; however, it is considered im-
practical for airdrop of equipment and persornel.

Airdrop of Personnel
U.S. Army paratroopers, paramedics.and special

_forces establish the primary requirements for a pre-

meditated jurnp parachute system. The T-7 troop
parachute assembly used in WW |l was a modified
28 fu diameter aircraft escape parachute equipped
with a 24 ft diameter reserve parachute and a quick-di-
vestable harness. Both parachutes were of solid fist
design. In the early 1950's, a 35 #t diameter, 10 per-.
rent extended skirt parachute (T-10), was standardiz-
ed as troop personnel parachute and modifications
were made to the T-7 reserve parachute and harness

to conform to the larger main parachute. ' This T-10 .

parachute in modified form is in use today (see Fig-
ures 1.26 and 1.27). All paratrooper parachutes use
static line deployment with the static line attached to
the aircraft. This assures uniform opening ot alt para-

Figu:8 1.27 T-10 Paratrooper Parachute,
Basic Configuration

chutes at the same distance after leaving the aircri
and minimizes mid-air collision and interference. T
C-130 and the C-141 exit the paratroopers in ©
rows on both sides ot the aircraft at time intervais
anbmximatelv 0.5 to 1.0 seconds. The result (at jur
speeds of ~130 knots) is a considerable spread of t
paratroopers on the ground; a problem that has n
been solved. Most paratroopers, paramedics and spe
ial forces personnel, carry considerable equipme
which effects the harness design and positioning
main and reserve parachutes. The jump altitu
should be as low as safety permits for better landis
accuracy. However, the use of a reserve parachu
necessitates 8 minimum jump altitude above grour

-.of 1200 to 1500 feet in order for the jumper to !

able to recognize a parachute malfunction and to ac!
vate the reserve parachute. Gliding maneuverab
parachutes will greatly increase the landing accurac
while jumping from altitudes of 1500 feet and abow
High performance gliding parachutes require an exter
sive amount of training, appropriate for sport jumpe
but not acceptable for most military personnel thy
use the parachute only as a means of transportatio
to arrive at a particular location in order to perform
mission. Currently, military application maneuverabl
parachutes have been limited to those with glide ratic
of up to 1.1. Reserve parachutes are used for all trair




ing missions as well as for paramedics and special
forces jumps. In actual combat ;umps, no resarve
parachutes have been used.

For special missions, free-fall parachute systems
havz been used by all services using a variation of the
T-10 troop parachute as main parachute (MC-3) and
manual operation and/or automatic parachute open-
ing by barostatic actuators.

Perscanel Parschute Systems. Personnel parachutes
have two over-riding design considerations:

{1) the system must have the highest degree of
reliability possible, and

{2} the user must land uninjured and ready to per-
form the assigned mission.

Table 1.12 lists parachutes presently used in the
Armed Services as premeditated jump parachutes. The
table uses the U.S. Army definitions as the Army has
responsibility for these parachutes. All systems, with
.the exception of the MC-3 (Paracummander) use the
original 35 ft diameter 10% flat extended skirt para-

TABLE 1.12 LIST OF PERSONNEL PARACHUTE ASSEMBLIES

TYPE ‘ T-10 T-10A T-108 MC:1 MC-1-1  &C-1-18 MC-1-2 MC-2 MC3

Main Parachute 35 Ft 35Ft 35Ft 35Ft 35Ft 35Ft 35Ft 35Ft Poara-
Ext.Skirt Com-
‘ mander:
Reserve 2dFt  24Ft 24Fr 28Ft 24 Ft 24 Ft 24 Ft 24Ft 24 F¢
Parachute Solid Fiat
Canopy

Anti-inversion v X X X
M .
TU Maneuver X X X
Slots
Eliptical A . . X x
Opening (Tojo) ‘
Pilot Chute 3" ' 3@ 40"
Statié Line X X X . X X X
Deployment .
Manusi Deploy. X X X . X
Barostat X X X
Deployment
Harness Ccntnl Cumnl Parachute _Central Central ' Pnnchu:o Psrachum

: . Relesss Relosss Dmonmctuhdm Relesss Disconnect'2)Di ICoNNect @
Comments 7 Present Troop ‘Similar To Pressnt  Similer To

Parachute

Navy Troop Navy
NS_F'-I Parachute NSP-2

(1) ENiptical muu:m
2) Tnouthulwmm
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TABLE 1.13 T-10 PARACHUTE AND T-10 RESERVE PARACHUTE DIMENSIONS

T-10 - T-10 RESERVE

TYPE
Design - 10% Extended Skirt Solid Fiat
Diameter, D 35.0Ft - 24.0 Ft
No. of Gores 30 Ea 24 Ea
Length of Suspension Lines 255Ft : 20 Ft
Strength of Suspension Lines ' 375 Lb 550 tLb
Effective Ly/Dg 08 A 09.
Canopy Material 1.1 oz/yd? Nylon 1.1 0z/ya? Nylon
Parat;hute Weight 13.85Lb 104 Lb
Maximum Jump Speed 150 Kn 150 Kn ‘
Pocket Bands

chute. A 24 ft diameter solid flat parachute is used as
reserve parachute. Design details for both are given in
Table 1.13 . The assembly includes a harness with
means for quick reléase of ‘either the total harness or
the parachute. Numerous changes have been investi-
gated for either improving the pafdmanw or over-
coming deficiencies. This includes the anti-inversion
net, provisions for gliding and maneuvering, and

means for obtaining a more comfortable and quicker -

divestible harness.

In the mid-1960's it was suggested to equip the
skirt of the parachute with a net extension which,

during ‘static line deployment, would prevent the .

leading edge of the skirt to slip through two adjacent

lines of the traiiing edge of the canopy skirt. A nylon

mesh net with 1.75 inch square openings was tested
first. it retarded opening times. - The final version is a

net made from knotless braided nylon with square -

openings 3.75 inches wide. This net is attached to
the canopy skirt and the suspension lines and ex tends
18 inches down from the skirt. In addition, two apex
centering loops are used that assure proper centering
of the static line during suspension line and canopy

deployment (see Figure 1.28 ). The Anti-Inversion’

net, in its present form has made opening mure uni-

form and greatly increased its reliability and the-

jumpers confidence 'n his equipment '>9-

50 % ' —

Figure 1.28 MC-.1-18 Parschute (T-10 Parachute
, .ﬁm Anti-Inversion Net snd TU Slots)
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The U.S. Air Force in 1956 conducted a compari-
son test wrogram of T-10 parachutes equipped with
modifications for gliding and maneuvering; this resuit-
ed in the T-1C parac hute with' elliptical-openings and
slip risers called the Tojo parachute '#? it has a glide
ratio of approximately 0.6 to 0.7 and a turn rate of 9
seconds fcr 3 180 degree turn,

Figure 1.28 shcows the TU Siot version of the
T-10 parachute. It consists of seven center slots and
two long and two short turn slots equipped with con-
trol lines. This parachute has a glide ratio of about -
0.8 and can be turned. 180 degrees in 4.5 seconds
142-144, Tests proved that the effect of the TU slot -
on parachute opening time is negligible and that it
does not effect the ~~~ning reliability. The basic
T-10 with the TU slo called the T-10A/B and the
T-10 with slots and anti-inversion net is called the
MC-1-18. The T-108 . 1 the MC-1-18B are presently
in service with the U.S.  my.

The MC-3 parachute, see Table 1.12, is a military
version of the commercially available Paracommander
parachute. it has a glide ratig of 1.1 to 1.0 and a fast-
er turn rate than the MC-1-18 145,

The T-10 reserve barachute listed in Taole 1.13,is
a solid flat parachute of 24 ft diameter. Whenever a
reserve parachute is deployed, there exists the danger
of entanglement with the streaming or partially infiat-
ed main parachute. Many methods have been investi-

148 - 150
gated and tested to overcome this problem
The U.S. Army recommends disconnecting the mal-
functioning MC-3 main parachute before deploying
the reserve parachute. This requires a quick acting
main pam:hute disconnact.

" Soacial Concepts of Personnel Audmp Systems.
The ides of airdropping a small military unit and alt
its equipment in a container was first mvest-gted at.
the end of WW 1) and has been discussed intermiitent-
ly ever since. Presantly, paratroopers atfter airdrop, are

" spread out over a considerable distarice. The idea of
airdropuing a small seif-contained fighting unit land-
ing-in ona place, ready for action .is intriguing to the
military planner. References 151 and 182 discuss this
approach and make sugguuom for a so’ ution.

AIRCRAFT DECELERATION AND SPIN
RECOVERY

Parachutes have proven to be very effective for
decelerating aircraft during landing approach, landing

roll and for recovery from spins and stalls. The first
known test using a parachute as a landing brake, was

conducted in 1923 at McCook Field, near the present
Wright-Patterson AFB, in Ohio. A conventional man-
carrying parachute was used to reduce the landing rol!
of a DeHavilland biplane. In 1933, the Germans in-
vestigated the feasibility. of developing parachutes

. suitable for the in-flight and landing deceleration of

aircraft. As a result of these investigations, the rib-
bon parachute was developed and successfully rested

in 1937 as a landing brake for a Junkers W-34 air- .

craft. The ribbon parachute proved to be adequately
stabie, opened reliably, had a low opening shock and
did not interfere with the controllability of the air-
craft. Ribbon parachutes were used during WWII by
the Germans as landing deceleration parachutes and
as retractable aircraft dive brakes.

The development of jet aircraft resulted in high
londing speeds and associated long landing rolls. The
B-47 bomber was the first U.S. aircraft to be equip-
ped with a landing deceleration (drag) parachute and
soon was followed by the F-94 fighter and the B-52
bomber. The drag parachute of the B47 decreased
the /anding rofl by 25 to 40 percent depending on
touchdown speed and runway conditions. Drag para-
chutes are most effective on wet or icy runways and
for high speed emergency landings. The aircraft drag
parachute, originaily intended as an emergency de-
vice, soon proved to be sffective for saving tires and
brakes. This resuited in general use of the parschute
for sll landings,

The 847, in addition to the landing drag pars-

chute, used an approsch angle, and improved the

landing accuracy.’
Parschutes are used todsy on most military and

some civilian sircraft for spin and deep stall recovery.

Many zircraft during the flight test phess, must
demonstrate spin and deep stall recovery charscter-
istics. Parachutes instalied in the tail of the sircraft

have been used successtully for termination of the

%pin and for stall recovery.

Landing Deceleration (Drag) Parachutes
Application and Operation. Landing drag para-

chutes produce their maximum decelerating force

immediately after opening following aircraft touch.

down, or at a time when wheel brakes are not very '

etfective. This is important for unfavorable landing

- conditions such as wet or icy runways and for emer-

gencies such as aborted take-offs, malfunctioning
brakes and over-speed {andings without flaps.
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In operation, the aircraft pilot makes a normal
approach and landing and deploys the draq parachute
at, or right after, touchdown. ( Figure 1.29 shows
the B 52 with landing drag parachute deployed). Re-
liable parachute deployment and opening involves the
total process from pilot command to main parachute
full opening. Figure 1.30 shows a typical drag para-
chute assembly consisting of pilot chute, pilot chute
bridle, c¢rag parachute deployment bag, drag para-
" chute, and riser and aircraft attachment/disconnect
fitting. Upon pilot action, the aircraft drag parachute
compartment door is opened and the pilot chute is
ejected. The pilot chute by means of the bridie ex-

tracts the drag parachute depioyment bag from its:

compartment. The bag opens and deploys riser, sus-
pension lines and parachute canopy. Brakes are
. applied at a speed of approximately 80 knots. At the
end of the landing roll, the pilot keeps the drag para-
chute inflated and off the runway by rolling at low
speed 10 a designated parachute drop-off area, gener-
ally located near ‘the end of the runway, where the
pilot jettisons the drag parachute. The pilot should
not try to reinflate the parachute after collapse or

drag it to the hangar area. This will result in para-
chute damage due to ground friction and soiling by
the exhaust of the jet engine. Pilots can control infla-
tion by applying enough engine power to keep the
parachute inflated even at very low speeds. The para-
chute, independent. of the location of the aircraft
attachment point, will ride above ground due to the
airflow around the canopy. Ground personnel will
retrieve the jettisaned parachute and returr it to the -
packing loft for inspection, repair, repacking and
storage for reuse. Single drag parachutes have been
used more than 150 times. The normal life span is 25
to 50 cyces. Qualified maintenance personnel in-
spect and approve or reject the parachute for further
use, normally governed by Tech. Orders and by Speci-
fication Mit-D-8056.

Parachute Requirements and Design. -Aircraft de-
celeration parachutes must meet the following re-
quirements: ' i

Minimal oscillation, ta avoid interference with

controf of the aircraft. :

. » -
, ‘ Figure 1.29 8-52 With Landing Drag Farachute Dsploysd -
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Suspension Lines .
Deployment Bsg

Disconnect
Fitting Pilot Chute
Bridle
~ Riser Canopy

Figure 1.30  Typical Landing Drag Chute Assembly

Reliable opening in the wake of the aircraft.

High drag but low opening peak load.

Low weight and volume.

Suitability for repeated use.

Ease of maintenance and installation.

{Low cost.

The iibbon parachute, as previously mentioned,
was specifically developed as a stable parachute that
would not interfere with aircrait control. An added
benefit is its low opening load factor and its insensi-
tiveness to local damage.

The ringsiot parachute was developed in 1951 at
Wright Field as a low cost replacement of the ribbon
parachute and is used today on many U.S. and for-

eign fighters. Several foreign countries are using the
Cross parachute which is employed in this country as
a drag brake for automobile dragsters. A varied po-
rosity version of the conical ribbon parachute type

using continuous ribbons has been introduced recent- .

ly as an aircraft drag parachute. Characteristics of
these and other parachute types are listed in Tables
on pages 75 through 77.  Table 1.14 lists aircraft
deceleration parachutes currently in use.

It is of the ytmost importance that the pilot chute
be ejected into good airflow, cpen quickly and ex-
tract the drag parachute bag. !f the piiot chute is too
smail, the bag may fall to the runway and be dam-
aged. |f the pilot chute is too large, it may delay or
prevent opening of the drag parachute. The deploy-

TABLE 1.14 AIRCRAFT DECELERATION PARACHUTES

'

Type Aircraft Diameter Type No. of Deployment
' : ' Gores . Veiocity -
ft , knots’
MB5 F-100 18 Ringsiot 20 190
MB-6 " F-101 158 Ringslot 20 200
MB-7 " F104 16 Ringsiot 20 200
MB-8 F-105 2 Ribbon® 24 225
'A-28A-1 ~ F-108 - 145 Ringslot .20 . 220
- £5 15 Ringsiot 20 180
MB-1 . p47 {approach) 16 Ringsiot 20 195
0-1 . 847 32 Ribbon 36 160
D-2 .- B&2 a4 Ribbon 48 170
- . B58 24 Ringslot’ .28 190
- ' £.16°* ' . 23 Ribbon" 24 200
- TA-7E 15 Ringstot . 20 180

* Varied porosity continuous ribbon
** Norwegian version

PR ST PN
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ment bag should closely contain the drag parachute
and riser and ‘ts packed shape should conferm to the
aircraft compartment outline. The bag should.be
large enough to prevent movements in the aircraft

compartment and loose enough to ensure easy bag -

extraction. Normally a two-compartment bag is used
separating the parachute canopy from the suspension

lines and riser. Stow loops and tie cords are used to’

hold components in place and subsequently deploy
them in an orderly fashion, e.g., ihe riser, suspension
lines and canopy, in that sequence. This concept is
known as riser-first deployment. Good stowage pro-
visions and sequential deployment of components is
especially important for large bombers employing
parachutes with diameters of more than 20 to 30 feet.

multiple use, connection efficiencies between canopy
and suspension lines and suspension lines and riser de-
termine the required material strength, and thereby,

_the weight of the parachute assembly.

A low location of the aircraft riser attachment

point coupled with a large diameter drag parachute
may cause the parachute force line to go below the
center of gravity of the aircraft resulting in high loads
on the forward landing gear. This can be somewhat
alleviated by a longer riser or use of a clister with a
low resultant force line. A longer riser will reduce the
drag loss but increase riser weight and deployment
time. A riser length of 1.0 to 1.5 times the nominal
parachute diameter was recommended in Reference
153 3 value now considered too conservative. The riser
length is determined more by the riser force line to

aircraft center of gravity relationship, by avoiding .

drag losses in the wake of the aircraft, and by protect-
ing the drag parachute from the heat plume of the jet

engine. Fighter drag parachutes, as a rule have long

risers, whereas the B-52 drag parachute with no cen-
ter engine and a high location of the riser attach point
has a very short riser.

The parachute must be designed with multiple use
in mind. AN parts of the assembly should be designed

for and protected against abrasion and rough handling.
Maior components should be easily detachable from’

each ather to facilitate replacement. Risers are form-

ed either from muitiple fayers of textile webbings or

from bundled continuous suspension lines. The latter
approach is used on the B-52 drag parachute riser
since it proved 10 be impossible 10 design a webbing
riser with sufficient strength and flexibility.
frequently need protection from the heat of jet ex-
haust. Nomex sleeves, coated braided metal sleeves
and similar techniques are used. The riser connection
to the aircraft is either a metal fitt 1g or a loop form-
ed by the textile riser that engages a release
nism in the aircraft. : :
The aircratt manufacturer determines the required
parachute drag for a given maximum landing velocity.
This in turn determines the drag area [CpS) ot the
parachute. Parachute size, opening load factor, ap-
plied factor of safety and design factors for abrasion,

Risers . ‘

Suitability for aircraft operational environment,
ease of maintenan.= and operation and low cost are
self-explanatory or have been mentioned previously.
This involves min':num support equipnient, ease of
repair, packing storage and installation. Total cost
includes acquisition cost, refurbishment cost and the
number of possible reuses.

Pressure packing a parachute, a technique exten-
sively used in airborne vehicle recovery, is avoided for
aircratt drag parachutes to minimize the need for
support equipment and decrease packing time and
complexity.

Aircraft Installation. The parachute installation
has to conform to the aircraft and not the other way
around. However, a reliable aircraft drag parachute
system should comply with the following recommen-
dations:

Suitable drag parachute compartment location

Suitable drag parachute compartment configuration

Safe drag parachute, "lock, deploy and jettison’’

mechanism )
The parachute compartment should be located on the
upper side and to the rear of the fuselage, smooth on
the inside with rounded corners and a sloped rear wall
to facilitate extraction of the drag parachute bag by
the pilot parachute. The deployment path of the bag
should be clear of protrusions and obstacles rha*. can
cause hang-ups of pilot chute or bag. The pilot chute
instaliation should assure immediate ejection after the
compartment door is opened. A good rilot chute
location is-on the inside of the compartment door or
on top of the drag parachute deployment bag, with
the pilot chute he!d in place with flaps actuated by
the opening of the compartment door. If the com-
partment is on the side of the fuselage, the bag must
be rositioned.and held in place by flaps that are
opened by the deploying pilot chute. An under-’
tuselage instailation, as used on the B-47, should be
avoided. Such parachutes are difficult to install in
overhead focations and require the undesirable cano-
py-first-deployment concept, {see Chapter 6). The
location of the drag parachute compartment should
permit easy access and simple installation of the para-
chute assembly by maintenance personnel. Safety
precautions are required to prevent ground personnel
injuries from inadvertent opening of compartment -
"loors and pilot chutes being ejected. The sometimes
primitive conditions of trant line operation should be
considered.
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To prevent problems caused by inadverteni in-
flight deployment of the drag parachute, two ap-
proaches are used:

The hook of the release mechanism that connects

the parachute to the aircraft, is not engaged until
the pilot is ready to deploy the drag parachute.

A fail-safe break link in the riser fitting separates if
the parachute is deployed above a safe velocnty
The first approach is generally preferred.

A single handle in the cockpit, accessible to pilot and
co-pitot, provides al! three functions required for para-
chute operation. The first three to four inches of
handie pull engages the hook that connects the para-
chute riser to the aircraft. Pulling beyond the first
stop opens the compartment door, ejects the pilot
chute and starts deployment of the drag parachute.
To jettison the drag parachute, the handle is turned
90 degrees and the pull is completed. Some aircrafts
use an up and down movement of the handle. In ev-
ery case, three distinctly different movements are
requ.red.  Compartment door opening at pilot com-
mand should automatically eject the spring loaded
pilot chute. The compartment must be shielded
against engine heat and moisture and the compart-

ment door must open when covered with ice. Maxi-
mum allowable compartment temperature is 250°F

for nylon parachutes. It is preferable to have the

temperature timited 10 200°F. Future use of Kevlar
material (see Chapier 4) will result in smaller com-
 partments and higher allowable compartment tetrper-
atures.

Landing Approsch Parachute

The B-47 bomber used a 16-ft dia. Ringslot para-
chute for descent from high altitude and for landing.
approach. The aerodynamically clean B-47 surpassed
the allowable speed limits during a3 steep descent, and
in ““ground controlled” approach had difficulties
making a touchdown at the beginning of the runway.

This vsas overcome by using the approach parachute

"which increased tive aircraft diag and steepened the

giide angle. The parachute could be deployed at an -

altitude of 40,000 feet, and was often used for de-
scént, approach and during touchdown and roll-out,
in place of the ianding drag parachute. Subsequeat

aircraft used more effective flaps and spoilers; the

use of the approach parachute, therefore, is more of
tustoric interest. Details of the spprnach parachute
design, instaliation and use can be found in Refer-
ence 382 and in reports published on the 8-47
approach paachyto” 163

Spin Recovery Parachutes

Most rmiliiary and some civilian aircraft must be
subjected 10 spin tests as part of the flight test pro-
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gram. During these spin demonstrations. the aircraft
is generally equipped with a tail-mounted spin recov-
ery parachute system  an emergency recovery de-
vice in case the aircraft contral surfaces are unsuccess-
ful in achieving recovery from the spin. The fully de-
veloped spin is normally considered the most critical
design condition for the spin recovery parachute sys-
tem. An ajrcraft in fully developed spin descends
vertically with the wing fully stalled at an angie cf
attack ranging from 40 to 90 degrees while rotating
around a vertical axis at a high rate of turn.

The fully developed spin is primarily a yawing
motion and therefore, the most effective means of
recovery from it, is to apply an opposing yawing
moment. Consideration must also be given to the
gyroscopic moments which result from application of
other than yaw moments or forces. Film records
have shown an aircraft making six turns in seven
seconds and changing to inverted spin and back, be-
fore the spin recovery parachute was deployed,
ending this wild' gyration. These violent aircraft
motions require positive parachute deployment away
from the effective range of the spinning aircraft and

" into good airflow.

System Considerations. Aircraft spin recovery
parachute system design involves determination of
size and type of parachute, length of connecting riser,
deployment method for getting the parachute into
good airflow, and th2 pilot controlied mechanism for
deploying and jettisoning the parachute. Reference

© 154 presents a compilation of information relative to

these design parameters.
The size of the spin recovery parachute and the

~ riser fength is best determined in model spin tests. As

an alternative, Table 1.15 lists pertinent data for sev-
eral spin recovery parachute systams. Using the rele-
tionship of parachute drag aree to wing area gives'a
ratin of 0.5 to 0.7 for aircraft in the 70,000 ib weight
class and 3 ratio of 0.8 to 1.0 for aircraft of about
20,000 Ib weight. The parachute used shouid be
stable, have high drag, and a low opening load factor
in order to obtain the maximum drag force with a
minimum required weight and stowage volume. The
distance from the léading edge of the parachute
canopy to the rear of the aircraft fuselage is impor-
tant to ensure parachute inflation in the wake of the
spinning sircraft. For the parachutes listec, the ratio
of this distance divided by the nominal parachute dis-
meter varies between 2.8 and 3.8 with the higher
ratio used for the more recant sircraft.

Three different spin parachute deployment meth-
ods whcch have been used successfully, are nllusm-

ted in Fugure 1.3%.
MethodA Morm deployment of main panchute "

.

.
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TABLE 1.15 PARACHUTE SYSTEMS FOR SPIN AND STALL RECOVERY
Aircraft  Gross ‘Dcpioyment Parachute Line Riser Trailing Parachute Deployment Function
Weight Velocity Size Length Length Distance  Type Method
. D, lg In o, (Fig 1.31)
ibs kts ft ft ft '
DC9 108900 210 24 24 136 6.3 Ribbon A Stali Rec.
T-38 11,000 185 248 35 45 32 Ribbon (o} Spin Rec.
F-105 50000 200 21 21 45 37 Ringsiot C  SpinRec.
F14 53,000 185 26 % 74 38 Ribbon A SpinRec.
$-3A 42,500 140 28 28 47 2.7 Ribbon A Spin Rec.
F-16 20,000 188 28 28 50 28 Ribbon A Spin Rec.
F.5E 15.000 185 248 25 45 3.2 Ribbon B Spin Rec.
F-17 22,000 188 26 26 76 39 " Ribbon A Spin Rec.
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Method B Mortar deployment of a pilot chute
which in turn extracts main parachute

Method C Drogue slug deployment of pilot chute

Method A must be judged to be the most positive
since it uses the sma'lest number of components and
ejects the main parachute directly. However, this
assumes that the mortar ejection is powerful encugh
to effect strip-off of the deployment bag plus lines to
canopy stretch of the parachute. Mortar deployment
of the pilot chute, Method B, is the next best ap-
proach. The pilot chute must be ejected into good
airflow with a connecting bridle that has roughly the
same length as the combined main parachute riser and
suspension lines. This approach requires more time
for total parachute deployment. Deploying the piict
chute with a drogue gun, Method C, has been used
with good results for several instailations; however, it
requires more components in the system and increas-
es the possibility of interference. In the spin para-
chute system for the T-38 aircraft, the pilot chute
was not spring-ejected but deployed with a drogue
slug. This was changed on the F-5 aircraft to a mor-
tar ejected pilot chute and on the F-17, to a mortar
deployed main parachute. Figure 1.32 shows steps
in the progressive deployment of the F-15 spin recov-
ery parachute. ‘

Component Design.

chutes have been used exclusively as spin recovery

' parachutes.

Risers are formed from muitiple layers of webhing

Ribbon and ringslot para-
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and stowed together with the parachute in the main
deployment bag. The riser during deploym~nt, must
be protected against contact with parts of th. aircraft
or the jet engine. This can be done by locating the

" riser attachment point at the very rear of the fuselage

‘positive in jettisoning after use.

and by shielding the riser.

The discussion of deployment bags for landing
drag parachutes apolies also to spin parachutes. The
riser-first deployment method should be used.

Vane type pilot